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ABSTRACT 
 
 
The human population continues to grow worldwide at an alarming rate, and, with 
this growth, comes expansion into new areas. These expansions can come with actions, 
like logging, mining, and agriculture that are harmful to the environment and the species 
inhabiting it. The critically endangered West African chimpanzees (Pan troglodytes 
verus) is one primate species affected by such human actions. In the Kedougou region of 
southeastern Senegal, artisanal small-scale gold mining has become a way of life and has 
accelerated rapidly in the last few years.  I conducted research at the Bantan site, which is 
located a few kilometers south of a large village and artisanal gold mine, Bantako. I was 
able to use indirect methods to collect data about the nesting habits of an unhabituated 
community of chimpanzees. I recorded data for each nesting tree, the GPS location, age 
of the nest, and I recorded the relative availability of each tree species and size to 
determine if the chimpanzees show preference when nesting. I compared the locations of 
the nests I found to those from previous years to determine if nesting locations have 
changed and also compared them to locations of disturbances. There were over 750 
recorded disturbances in the range, with over 80% of those being direct environmental 
damage. The Bantan chimpanzees show a preference for nesting in the genus 
Pterocarpus, despite the fact that the genus Combretum is the most available. 
Distribution maps show a general westward movement in nesting locations over the 
years.  
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CHAPTER 1: INTRODUCTION AND BACKGROUND 
The human population worldwide continues to grow at a rapid rate and, with that growth, 
comes expansion into new areas. This expansion comes with actions that are often harmful to the 
environment and other species inhabiting it, such as extractive industries including logging and 
mining. Anthropogenic disturbances such as mining, agriculture, habitat destruction, pollution 
and many more have the ability to cause problems for other species. Human disturbances, such 
as land conversion for agriculture and mining, pose a threat to primate survival. It can be difficult 
for many species to adjust to these disturbances and, for endangered species such as the 
chimpanzee (Pan troglodytes), it can be an issue of potential extinction. Chimpanzees are 
classified as endangered, or in the case of West African chimpanzees (P.t. verus), critically 
endangered, and human actions in Africa, specifically Senegal, are contributing to their rapid 
decline. In order to combat this decline, it is important to understand how human actions affect 
chimpanzees, such as their need to adjust their ranging behaviors as a result of artisanal gold 
mining or make changes to their diet because of resource depletion. Indirect methodologies allow 
researchers to study chimpanzees without needing to come into contact with them, thus ensuring 
their presence does not influence chimpanzee behavior or further contribute to the disturbance 
levels they experience.  Studying the effects of artisanal gold mining in Senegal, where a recent 
gold mining boom has significantly affected the landscape, will provide information about how 
extractive industries may threaten the conservation status of our closest living relatives.  
There are four subspecies of chimpanzee found in Africa, all of which are classified as 
endangered or critically endangered (Humle et al., 2016). Southeastern Senegal in the 
Department of Kedougou is estimated to be home to approximately 200-400 chimpanzees, in 
addition to a continuously growing mining industry (Carter et al., 2003; Boyer, 2011). The 
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Bantan chimpanzee community occupies an area several kilometers south of a large artisanal 
mine within their range, thus experiencing high levels of anthropogenic disturbances. 
Artisanal gold mining is a common occurrence in parts of Africa, resulting in 
environmental disturbances that can have a significant impact on wildlife, such as habitat 
destruction and high levels of mercury, potentially causing health risks for people and other 
animals (Niane et al., 2014). I studied a population of the western chimpanzee in a savanna 
environment at the Bantan site near Kedougou to better understand how human behavior affects 
chimpanzees in this area of Senegal and contribute to the proposed action plan for the species. 
By understanding how we, as humans, affect the behavior of critically endangered western 
chimpanzees, we can better implement future conservation strategies (Humle et al., 2016). 
 
Project Goals and Objectives: 
Gold mining and other anthropogenic disturbances in West Africa are predicted to 
influence the behaviors of non-human primates such as chimpanzees, which are predicted to 
adjust their nesting and movement patterns in response. My goal was to study how artisanal 
small-scale gold mining (ASGM) influences chimpanzee nesting behavior and habitat use. 
Survey data collected along a series of transects at the Bantan chimpanzee community site 
provides information on nesting sites, including nest number and age, nesting tree species, and 
diameter at breast height of the nesting tree, as well as damage to the environment that includes 
deforestation from mining activities. This research evaluates three hypotheses: 
1. Nesting patterns are affected by mining activity. 
2. Nesting patterns change over time as mining practices increase. 
3. Chimpanzees show a preference for tree species and size used for nesting. 
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My focus is on determining how mining and its environmental effects, specifically 
habitat destruction, influence chimpanzee nesting and ranging behaviors. I collected data along 
transects and reconnaissance walks on chimpanzee nesting patterns and anthropogenic 
disturbance, I recorded tool traces to understand the communities’ behaviors, and I used camera 
traps to directly observe individuals. This data set was compared to nesting data from previous 
years (Sandoval-Green, unpublished data) to show how nesting patterns change over time as 
mining practices increase.  The presence of mining in the area could be detrimental to 
chimpanzees and may lead to more human-chimpanzee encounters as habitat destruction 
continues. Another goal for this research is to use my results to contribute to conservation efforts 
of West African chimpanzees. 
Large differences in nest number and size compared to previous studies, such as those 
done by Sandoval-Green (in prep.) in which nest number and location was recorded, may suggest 
that chimpanzees are forced to adjust nesting behaviors due to external factors.  The number of 
nests and distance from the nests to the nearest human disturbance, such as mines or areas 
targeted for logging, may suggest that chimpanzees avoid a specific area (Boyer, 2011). 
Similarities in nesting tree species and size, as well as the number of nests in nesting trees, may 
provide evidence for nesting preferences compared to the availability of tree species.  
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Senegal: A Brief Overview 
A Snapshot of Senegal’s History and Demographics 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Senegal is slightly smaller in size than the state of South Dakota, borders five countries 
(Figure 1), has a mostly rural population, and dedicates just under 47% of its land to agriculture, 
with another roughly 44% considered forest (U.S. Central Intelligence Agency, 2018). Senegal is 
part of many international environmental agreements, including Endangered Species, Climate 
Change Kyoto-Protocol, Biodiversity, and more (U.S. Central Intelligence Agency, 2018).  
Figure 1: The location of Senegal and the study site. 
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In 2017, the country had an estimated population of 14.6 million people, with 94.6% 
being of African descent, and 96.1% observing the Muslim religion (U.S. Central Intelligence 
Agency, 2018). The annual population growth was 2.6 percent from 1995-2000, with rapid 
urbanization occurring outside of the capital city of Dakar (The World Bank, 2002). As of 2002, 
there were only five other cities in the country with more than 50,000 people (The World Bank, 
2002). Senegal has a growing population of youth, with 60% of the population being under the 
age of 25 years (U.S. Central Intelligence Agency, 2018).  
 
Foreign Investment and the Economy 
The economy is primarily driven by mining, construction, tourism, agriculture, and 
fisheries (U.S. Central Intelligence Agency, 2018). The country relies heavily on donations, 
remittances, and foreign investment (U.S. Central Intelligence Agency, 2018). The country has a 
positive position with growing foreign investment opportunities (U.S. Department of State, 
2015). The largest source of foreign direct investment comes from France, but Senegal is looking 
to diversify its sources (U.S. Department of State, 2015). In order to improve the country’s 
attractiveness for foreign investment, the government is implementing reforms in energy, higher 
education, and the land tenure system (U.S. Department of State, 2015). The country has also 
committed to policy reforms to further investment in agro-industry (U.S. Department of State, 
2015). Senegal has a priority investment plan for 2014-2018 which focuses on certain sectors 
considered priorities, including agriculture, mining, tourism, and infrastructure (U.S. Department 
of State, 2015).  
The Senegalese government does some screening of proposed investments in order to 
ensure their compatibility with the country’s development goals and to make sure it agrees with 
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environmental regulations (U.S. Department of State, 2015). Some foreign investors have 
obtained contracts to explore and develop mineral sources in the country (U.S. Department of 
State, 2015). Large firms are required to create a minimum of 50 full-time positions for 
Senegalese people (U.S. Department of State, 2015).  
Despite having one of the better education systems in West Africa and thus producing a 
large pool of educated workers, there are limited opportunities for jobs in Senegal (U.S. 
Department of State, 2015). The country also has an abundant supply of unskilled or semi-skilled 
workers (U.S. Department of State, 2015). All workers, with the exception of security force 
members, are authorized to form unions (U.S. Department of State, 2015). 
Child labor in Senegal continues to be a problem (U.S. Department of State, 2015). The 
United States government has a List of Goods Produced by Child Labor or Forced Labor, which 
includes gold (U.S. Department of State, 2015). Senegal became a candidate country for the 
Extractive Industries Transparency Initiative in the fall of 2013 (U.S. Department of State, 
2015).  
 
Land Acquisition and Management  
Senegal has a policy of decentralization regarding land administration (Faye, 2008). 
Public lands are managed by the local governments of the municipalities and rural communities 
which are also responsible for the land and resources in unprotected parts of the territory (Faye, 
2008). Rural communities and municipalities can also be involved in managing special areas like 
classified forests, protected spaces, and national parks (Faye, 2008). This emphasizes that the 
land and natural resources cannot be well managed unless the communities are engaged (Faye, 
2008).  
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Decentralization in Senegal consists of a three-tier system with central, regional, and 
local levels (Faye, 2008). These levels do not necessarily match the administration, which 
consists of five levels: national, regional, departmental, sub-prefectural, and village (Faye, 2008). 
These divisions allowed for collaboration between levels and representation at the national level 
(Faye, 2008). The 1996 code identified areas that were transferred to the local governments 
including management and use of state, public and government lands, and environment and 
natural resource management, among others (Faye, 2008). Legislation and codes related to 
natural resources rely on municipalities and rural communities for town planning, housing, and 
land and resource management (Faye, 2008).  
Roughly 95% of the national territory is considered rural land, including all the land a 
rural community needs for housing, farming, livestock management, woods, and potential 
expansion (Faye, 2008). This land within the boundaries of the rural community is not seen as a 
legal or economic asset; therefore, it does not belong to anyone and does not form part of any 
estate (Faye, 2008). The state holds these national lands and determines the rules for their use, 
but the rural council administers them, giving them the authority to allocate and withdraw land, 
and monitor its use (Faye, 2008). The land is allocated free of charge to recipients who must live 
in the community and use the land in a productive way (Faye, 2008). Rural councils are 
responsible for managing and regulating the use of undesignated areas of national land (Faye, 
2008).  
 
Artisanal Gold Mining 
West Africa draws many outside interests because of its contents including land for 
agricultural development, fisheries, timber, oil, and metals and minerals (Ontl, 2017; Edwards et 
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al., 2014). These areas all overlap with wildlife and human habitation (Ontl, 2017). This region 
has a long tradition of artisanal gold mining, likely dating back to before the Common Era (Ontl, 
2017). In Senegal, gold mining has typically been the work of agricultural people (Ontl, 2017; 
Persaud et al., 2017; Gewald, 2010). Farmers use mining during the dry season when crops 
cannot be grown (Ontl, 2017). They are able to create small mines where there are heavy mineral 
deposits, often in sandy areas such as stream beds (Ontl, 2017). The practice of artisanal small-
scale gold mining (ASGM), a labor-intensive mining technique using rudimentary tools, often 
does not provide safety measures or protection for the environment (Ontl, 2017; Smith et al., 
2016). Today, most of these mines are shallow and are reached by digging a shaft where the gold 
is reached (Ontl, 2017; Persaud et al., 2017). When the rock containing the gold is retrieved, it is 
processed by first being crushed then washed with either mercury or water, then finally sold 
(Ontl, 2017; Persaud et al., 2017).  
The region has drawn attention of both large and small-scale mining activity from local 
and international investors (Ontl, 2017). By 2014, Senegal had given permits to explore and 
exploit gold deposits to 27 international companies and nine Senegalese mining companies 
(Ontl, 2017; ITIE, 2014). Small sectors of ASGM activity occurred at the beginning of the 
Fongoli research in the early 2000s, with few people mining during the dry season (Ontl, 2017). 
Between 2008-2013, seven mining areas were established in the Fongoli chimpanzee home 
range, with most recent activity running along the Fongoli stream and its tributaries (Ontl, 2017). 
One of Senegal’s goals is to increase foreign investment in the mining sector, therefore 
increasing its contribution to the country’s GDP (DLA, 2015). 
There are four categories of ASGM: seasonal, permanent, rush-type, and shock-push 
(Ontl, 2017; Hruschka & Echavarria, 2011). Senegal traditionally falls in the “seasonal” category 
9 
 
 
because mining activities serve as a supplemental income when farming activities are not 
occurring (Ontl, 2017; Hruschka & Echavarria, 2011). Permanent mining refers to mining that 
occurs year-round, although other occupations like herding can also be pursued (Ontl, 2017; 
Hruschka & Echavarria, 2011). Rush-type mining happens when large groups of people are 
attracted to a newly discovered deposit concentrated in one area (Ontl, 2017; Hruschka & 
Echavarria, 2011). These areas often develop into established settlements and can be seen in 
areas like Bantako (Ontl, 2017; Doucouré, 2014; personal observation, July 2, 2017). Shock-
push, the last type of mining, results from economic loss or instability that is related to a certain 
event such as a natural disaster, conflict, or loss of jobs (Ontl, 2017; Hruschka & Echavarria, 
2011). This kind of mining is poverty driven and often serves as a last resort for poorly educated 
individuals (Ontl, 2017; Hruschka & Echavarria, 2011). 
With the recent surge of gold prices, there has been a resurgence of gold mining in the 
country (Ontl, 2017; Prause, 2016). The increase in mining has seen growth in transnational 
migration, population, health problems, and environmental degradation (Ontl, 2017). The mining 
sector’s impacts have been intensified by the global economy and society, and include mercury 
pollution, sanitation problems, deforestation and more (Ontl, 2017). Global mercury pollution 
results largely from ASGM activities (Ontl, 2017).  
Mining is also associated with deforestation, including clearing trees to make room for 
mine shafts and providing wood supports for underground tunnels (Ontl, 2017; Small et al., 
2012). Straight hardwood trees, such as Pterocarpus erinaceus, with a diameter of 10-15 
centimeters are often selected for structural support (Boyer-Ontl, 2012). Around Fongoli, people 
from Kedougou will cut trees with larger diameters (>20cm) which cover building needs in the 
urban center (Ontl, 2017). 
10 
 
 
Mining Regulations 
There were new amendments proposed to the Mining Code in 2015 (DLA, 2015). These 
amendments included a simplification of the mining types available, where a “small mine 
permit” will have a limit of 500 tons of minerals per day and an area of 500 hectares (DLA, 
2015). This permit type will also be issued for an initial five years rather than the previously 
stated three years and can be renewed for three years at a time without a limit on the number of 
renewals (DLA, 2015). A “mining permit” can be issued for an initial period of 5-20 years, 
depending on the mineral reserves and required investment, and can be renewed as many times 
as needed until the resources have been exhausted (DLA, 2015). This is not the case for the 
miners at Bantako. This mine is not owned by a company, so the local people simply need to 
inform the authorities of the exploration and exploitation (D. Kante, personal communication, 
April 1, 2018). The authorities that need to be notified include the village chief, the sous préfet, 
the prefect, the governor, the gendarmes, and the police officers (D. Kante, personal 
communication, April 1, 2018).  
The old code prevented foreign investors from owning 100% of the shares in a 
Senegalese company (DLA, 2015). The new code proposed to remove this restriction, but a 
mining title will still have to be registered under a Senegalese company (DLA, 2015). Those who 
hold a small mine permit must begin operations within three months of the permit being granted, 
while those who hold mining permits must begin “as soon as possible” but if operations have not 
begun within one year, the permit holders will face penalties (DLA, 2015). Entry fees were also 
increased under the new code, as well as fees for research permits, quarry permits, and semi-
mechanized mining authorizations (DLA, 2015). There were also proposed changes to royalties, 
taxes, and tax relief (DLA, 2015). Production sharing agreements were also introduced, where 
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the sale of the product is split between the state and the mining company (DLA, 2015). The 
mining title holder must also contribute to a local development fund annually (DLA, 2015). This 
is to promote the economic and social development of local communities associated with mines, 
and it must also include projects for female empowerment (DLA, 2015). These and other 
changes will reform the legislation of the mining sector (DLA, 2015).  
 
Conservation in Senegal 
Suitable habitats for great apes across Africa has declined in recent decades, much of it 
resulting from increased human populations and impacts (Ontl, 2017; Junker et al., 2012). In 
Senegal, chimpanzees have a high degree of international and national protection (Carter et al., 
2003). Traditional and religious beliefs provide even more protection because the eating of these 
animals is forbidden (Carter et al., 2003). Chimpanzees are part of the Senegalese landscape, 
living as migrant neighbors to many people, such as the Bassari (Carter et al., 2003). 
Occasionally, humans and chimpanzees compete for the same resources, such as water during 
the end of the dry season, creating a serious problem for both communities (Carter et al., 2003).  
The chimpanzee’s habitat has been increasingly converted to agricultural fields and 
altered or destroyed in order to meet the local population’s needs for wood products, charcoal, 
and wild foods (Carter et al., 2003). The Kedougou and Tomboronkoto regions are thought to 
have a high concentration of chimpanzees, with low human density (Carter et al., 2003). This 
region contains some mountainous terrain, which may serve as a natural barrier of protection for 
the apes (Carter et al., 2003).  
Chimpanzee protection boosts the economy and provides opportunities for research (Hill, 
2002; Massa, 2011). Studying chimpanzee behavior and genetics help anthropologists 
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understand the human origins, behavior, and biology (Hill, 2002; Pruetz & Bertolani, 2007; 
Massa, 2011). Popular media like documentaries and magazine articles about chimpanzees have 
increased the popularity of primatology, evolutionary anthropology, and conservation, thus 
increasing support for environmental conservation and improved care for captive animals 
(Garland, 2008; Massa, 2011). Habitat degradation, destruction, and fragmentation is a common 
threat to apes and often results from agricultural expansion and logging (Hill, 2002; Massa, 
2011; Pruetz et al., 2002). Other factors affect chimpanzee survival, such as poaching or disease, 
and when paired with the species’ slow maturation and rate of reproduction, they are even more 
threatened (Hill, 2002; Kormos & Boesch, 2003; Massa, 2011).  
Countries in Europe signed the Convention for the Preservation of Animals, Birds, and 
Fish in Africa in 1900 marking off areas for game reserves (Honey, 2008; Massa, 2011). Often 
plant and animal harvesting and hunting was restricted by the establishment of reserves, resulting 
in the creation of poachers rather than hunters (Hill, 2002; Massa, 2011). Reserves are often 
financed largely by developed countries that feel obligated to protect wildlife from the African 
people (Garland, 2008; Massa, 2011). Reserves run into problems though, often being too small 
to protect much of the wildlife and often costing too much for the government to patrol the 
boundaries (Newmark & Hough, 2000; Massa, 2011). Up to 20 countries have established over 
50 national parks with chimpanzee populations (Oates, 2006; Massa, 2011).  
Non-governmental organizations (NGOs) and publications bring conservation awareness 
to the western world and motivate people to participate in conservation projects (Garland, 2008; 
Massa, 2011). Local support for conservation and community-based conservation is a common 
goal for many organizations (Hill, 2002; Massa, 2011). Community-based conservation projects 
are aimed at fixing the poverty in these countries and the burden of conservation (Hill, 2002; 
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Massa, 2011). Three strategies are often used by organizations to create local involvement: 
include local people in the decision making process; let the local people manage the projects, 
giving them ownership over their resources; economic benefits should be collected, creating 
revenue-sharing and sustainable harvest should remain with the people (Massa, 2011; Hill, 2002; 
Garland, 2008; Hackel, 1999; Newmark & Hough, 2000) 
 
West African Chimpanzees 
Chimpanzee Taxonomy  
There are four subspecies of chimpanzee recognized by the International Union for 
Conservation of Nature (IUCN) (Butynski, 2003; Humle et al., 2016). The Nigeria-Cameroon 
Chimpanzee (P. t. ellioti), the Eastern Chimpanzee (P. t. schweinfurthii), and the Central 
Chimpanzee (P. t. troglodytes) are all classified as endangered, whereas the Western 
Chimpanzee (P. t. verus) is now classified as critically endangered (Humle et al., 2016). 
Chimpanzees are protected under Appendix I of the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) (Butynski, 2003; Humle et al., 2016). 
This means that, due to their classification as endangered, any international commercial trade is 
prohibited (The CITES Appendices)1. If there is any occurrence of trade between countries, it 
must be for non-commercial purposes, such as scientific research, and both the importing and 
exporting countries must be granted a permit (The CITES Appendices)2. Despite these 
restrictions, enforcement of these regulations tends to be weak (Humle et al., 2016). Many other 
non-human primates share this classification and protection under Appendix I; however, 
populations continue to decrease (Humle et al., 2016). 
                                                 
1 https://cites.org/eng/disc/how.php 
2 https://cites.org/eng/disc/how.php 
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Chimpanzee Ecology 
Chimpanzees, in general, occupy a wide range of habitats and are spread throughout parts 
of central and western Africa (Humle et al., 2016). The Western chimpanzee, for example, spans 
an area from Senegal south to Côte d’Ivoire, and as far east as Ghana (Humle et al., 2016) 
although they are extinct in several of their former range countries (Butynski, 2003). 
Chimpanzee habitats vary from closed-canopy rainforests to savanna (Hunt and McGrew 2002). 
There are seven main habitat types utilized by chimpanzees in West Africa savannas: gallery 
forest, woodland, bamboo woodland, tall grass grassland, short grass grassland, ecotone, and 
field (Bogart & Pruetz 2011; Hunt & McGrew 2002; Pruetz et al., 2002; Boyer, 2011).  
Senegal has two primary seasons, a dry season lasting from November to April or May, 
and a rainy season lasting from May or June to October (Carter et al., 2003). This is typical of a 
Sudano-Guinean climate (Ndiaye et al., 2013a; Ndiaye et al., 2013b). Habitat use for habituated 
chimpanzees, like the Fongoli community, varies depending on the season (Pruetz & Bertolani, 
2009). The Fongoli chimpanzees use forested habitats almost twice as much during the dry 
season than the wet season (Pruetz & Bertolani, 2009). Seasonality appears to influence behavior 
and habitat utilization of unhabituated groups also, like the Assirik group (Hunt & McGrew, 
2002). The late dry season (March-May) provides the best chance for observing the chimpanzees 
because they concentrate their time in the gallery forests, which provides access to nesting (Hunt 
& McGrew 2002). Chimpanzees in the Linguekoto region have been known to move across the 
Gambia River when the water is low during the dry season (Carter et al., 2003). The Fongoli 
community is also selective in their habitat choice, using gallery forests significantly more and 
grasslands significantly less than expected during the dry season (Pruetz & Bertolani, 2009).  
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There are three zones in West Africa that are determined by the distribution of plant 
species (Carter et al., 2003). The first of these, the Sahelian zone, is dominated by Acacia species 
and annual grasses (Carter et al. 2003). The second zone is the Soudanien zone and is 
represented by a larger range of vegetation types, included wooded savannas and dry forests 
(Carter et al., 2003). This zone contains species such as Bombax costatum, Cassia siberiana, 
Cordyla pinnata, Pterocarpus erinaceus, Combretum sp., and more (Carter et al., 2003). The 
third zone is the Guinean zone (Carter et al., 2003). This zone is characterized by semi-dry 
forests with species such as Afzelia africana, Detarium microcarpum, Khaya senegalensis, and 
others, along with grasses (Carter et al., 2003). This zone also contains lianas and herbaceous 
vegetation in the understory (Carter et al., 2003).  
 The regions chimpanzees inhabit have shown a mean annual rainfall between 872-
885mm over four years (Carter et al., 2003). The daily maximum and minimum mean 
temperatures are 35oC and 23oC (Carter et al., 2003). During the dry season, water is restricted 
(Baldwin et al., 1982). This may limit the distribution of chimpanzees and their access to 
resources, possibly leading to an increase in competition (Baldwin et al., 1982). At Fongolembi 
(Fongoli), gallery forests are the only permanent source of water during the dry season, but they 
also provide shade from trees compared to other habitats (Pruetz & Bertolani, 2009). Closed 
canopy forests are frequently inhabited by Fongoli chimpanzees, moving around and feeding 
more during cooler times of the day and at night, allowing them to minimize their energy (Pruetz 
& Bertolani, 2009).  
The number of nests at a given nesting site is indicative of the number of chimpanzees in 
the nesting party (Boyer, 2011). The number of nests, and therefore the size of the nesting party, 
may give an estimate of the community size of chimpanzees at this site (Boyer, 2011). Estimated 
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populations at Bantan suggest the community size lies anywhere between 13-32 individuals 
(Ontl, 2017). The location of these nests in relation to anthropogenic disturbances may indicate 
at type of avoidance behavior specific to that area (Boyer, 2011). At Fongoli, chimpanzees 
exhibit typical fission-fusion grouping but often moving throughout their range as a large group 
(Pruetz & Bertolani, 2009). The chimpanzees here are more cohesive than at other sites (Pruetz 
& Bertolani, 2009). The large home range in addition to the social nature of chimpanzees 
suggests that savanna chimpanzees must range in close-knit groups to maintain their social 
structure (Pruetz & Bertolani, 2009). 
 Smaller parties are more common in the unhabituated Assirik, Senegal community than 
larger ones, with the average number of individuals ranging from two to six (Tutin et al., 1983), 
suggesting that fewer individuals are detected in a party of unhabituated chimpanzees. Fongoli 
chimpanzees tend to be found in larger parties, averaging 15 individuals, compared to their 
counterparts at other sites (Pruetz & Bertolani, 2009). The party size at Fongoli is close to 50% 
of the community size, whereas the party size at other sites averages 15% of the community 
(Pruetz & Bertolani, 2009). Subgroupings in large communities, such as those in Uganda or 
Tanzania, are rarer than in smaller communities, such as Bossou in Guinea (Tutin et al., 1983). 
At Fongoli, party size is smaller during the dry season than the wet season, when scarce water 
sources result in depleted food resources in specific areas (Pruetz & Bertolani, 2009). 
 East African chimpanzee social networks can be described in six parties: mixed, males, 
adults, lone, matrifocal, and nursery (Tutin et al., 1983). These parties are defined based on the 
age and sexes of the individuals in the party (Tutin et al., 1983). The social units of chimpanzees 
tend to be loose and flexible, with multiple males and females in a shared home-range (Tutin et 
al., 1983). In Fongoli, this sex ratio is 1.6 males to 1.0 females (Pruetz et al., 2017). Both sexes 
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and all ages can be found in subgroupings, which may contain a single individual or multiple 
individuals (Tutin et al., 1983). The most stable relationship in a subgrouping is that between a 
female and her immature offspring (Tutin et al., 1983; Baldwin et al., 1982). Group dynamics 
can vary depending on the size of the community, the area it occupies, and the composition of 
the subgroupings within it (Tutin et al., 1983). Large parties during travel also help strengthen 
social bonds (Tutin et al., 1983).  
 
Nesting 
 Nest building is a common pattern of technology in chimpanzees (McGrew et al., 1979). 
All great apes create new nests almost every night to rest and sleep (Pruetz et al., 2008; Baldwin 
et al., 1982). One hypothesis for elevated nests is predator avoidance, although arboreal nests 
occur even under minimal pressures from predation (Pruetz et al., 2008). Areas with higher 
predator presence, like Assirik, tend to have nests built higher than areas with fewer predators, 
like Fongoli (Pruetz et al., 2008). Chimpanzees in Senegal seem to prefer nesting in closed 
habitats, either woodland or gallery forest habitats, although this could be a result of habitat 
availability (Pruetz et al., 2008). Males are also seen to nest lower in trees than females at some 
sites (Pruetz et al., 2008).  
 Savanna chimpanzee sites in Uganda and Senegal show nests in groupings of four or five, 
and averaging about 11m off the ground, with the average diameter at breast height (DBH) for 
nest trees ranging between 33-52cm at various sites in Africa (Hunt & McGrew, 2002). Some 
sites also exhibit nests that appear to favor certain plant species to utilize (Hunt & McGrew, 
2002). Distance between nests seems to average between 4-5m (Hunt & McGrew, 2002). There 
seems to be patterns in some places where the nest height, tree height, and nest number can vary 
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seasonally, as well as the distance between nests and the nesting tree DBH increasing during the 
dry season (Hunt & McGrew, 2002). 
There is a difference between nests created during the day and at night, with the night 
nests being larger in size than the day ones (Brownlow et al., 2001). Nests are classified into four 
age groups: fresh, recent, old and rotting (Tutin & Fernandez, 1984). Fresh nests still have green 
vegetation that has not wilted, and may have excretion deposits under it (Boyer, 2011). Recent 
nests contain green, wilted vegetation and are thought to be at least 24 hours old (Boyer, 2011). 
Old nests lack green leaves, while rotting nests only contain the woody frame and no vegetation 
(Boyer, 2011). Nests are built every night, and they are not used as a home base or for breeding 
purposes (Baldwin et al., 1981). This is part of what differentiates chimpanzees from other 
animals, including other primates (Baldwin et al., 1981).  
 Day nests are often used for various functions like rest, play, groom and eat (Stewart & 
Pruetz, 2007). Despite the differences in habitat and social structure, all hominoid species build 
nests in a similar way, by creating a platform and weaving branches and twigs together in a 
circular, bowl-like formation (Stewart & Pruetz, 2007). Leafy twigs are often used to line the 
nests (Stewart & Pruetz, 2007). Research has shown that chimpanzees build nests to be more 
comfortable in the center, where the majority of their body weight is during sleep (Stewart & 
Pruetz, 2007). There seems to be a positive correlation between the amount of effort put in to 
building a nest and the comfort of it (Stewart & Pruetz, 2007). It is difficult to distinguish day 
and night nests, but day nests appear to be constructed in a simpler manner with less effort put in 
compared to night nests (Stewart & Pruetz, 2007).  
 Observing the number of nests in an area gives an indication about the distribution and 
densities of a community (Pruetz et al., 2002). In Senegal outside of national parks, chimpanzees 
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nest in woodland areas about half of the time (Pruetz et al., 2002). Chimpanzees learning to build 
nests takes place at an early age, possibly during infancy (Baldwin et al., 1981). Chimpanzees in 
Senegal appear to build their nests in the tops of trees, choosing the tallest trees available in the 
habitat they are in at the time (Baldwin et al., 1981). Chimpanzees in Senegal seem to prefer 
trees with larger girths than chimpanzees in Guinea (Baldwin et al., 1981). Nests in Senegal tend 
to be more open, possibly as a result of less vegetation, than other sites like Equatorial Guinea 
(Baldwin et al., 1981).  
 Nest groups in Senegal are also larger than those in Guinea, for example, possibly 
representing a difference in social organizations (Baldwin et al., 1981). Chimpanzees in Senegal 
occupy a larger, more open, and potentially dangerous, range than their counterparts elsewhere, 
creating larger groups (Baldwin et al., 1981). Larger groups are more likely to provide greater 
protection to females and offspring (Baldwin et al., 1981). It is possible that arboreal nests are a 
form of protection against predators (Pruetz et al., 2008). The number of nests per tree in Senegal 
also seems to be larger than at other locations, possibly due to the fewer number of trees 
considered suitable for nest building (Baldwin et al., 1981).  
 Woodland habitats have more nests per tree than grassland or forest, possibly due to 
fewer suitable trees available (Baldwin et al., 1981). However, woodland habitats tend to have 
the shortest trees (Baldwin et al., 1981). Large seasonal variation in Senegal also contributes to 
nesting habits of chimpanzees, with nests being built higher and being more open during the wet 
season (Baldwin et al., 1981). The wet season in Senegal also results in higher number of nests 
per tree and higher number of nests per group (Baldwin et al., 1981).   
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Anthropogenic Disturbance 
Habituation has positive conservation impacts, but also has many downfalls (Boyer-Ontl 
& Pruetz, 2014). These weaknesses include potential long-term investments, financial and labor 
costs, health risks from disease transmission, increased threat of poaching, and unforeseen or 
unintended behavioral impacts (Boyer-Ontl & Pruetz, 2014). The behaviors and durations of 
chimpanzees, such as “ignore” or “intimidation” tend to change over time with increased 
exposure to humans via habituation (McLennan & Hill, 2010). Habituation can be a long and 
challenging process but is necessary to thoroughly study primate behavior in the wild (Pruetz & 
Bertolani, 2009). Chimpanzees in trees tend to be more tolerant of human observers compared to 
when they are on the ground (Hunt & McGrew, 2002). The regular exposure of humans to 
chimpanzees may be beneficial for researchers but can be harmful for the animals by increasing 
potentially negative interactions (McLennan & Hill, 2010). My research will follow a less-
invasive approach to ensure the animals do not become habituated to me, leading to these 
behaviors or harmful effects like zoonotic disease.  
Recent increases in human activities and expansion are leading to an increase in 
anthropogenic disturbances that affect primates which are slower and more difficult to recover 
from (Uhl et al., 1990). Areas affected by human disturbances are becoming more prominent 
around the world, resulting in population declines and primates being found in unnatural places, 
like villages, cities, or sacred areas (Chapman et al., 2016). These highly-modified areas are 
forcing primates to deviate from their normal behaviors, such as walking along barbed wire, 
foraging in isolated trees, or utilizing plantations to obtain resources (Chapman et al., 2016).  
 There are a number of factors that could be considered a human disturbance and have an 
influence on chimpanzee populations, including habitat loss or fragmentation, which have 
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increased over the past few decades (Humle et al., 2016). Some of the main causes of habitat loss 
and fragmentation include both commercial and slash-and-burn agriculture, and extractive 
industries like logging, mining and oiling (Humle et al., 2016).  These industries could also lead 
to an increase in hunting activities (Humle et al., 2016). The rapid increase in human populations 
results in a conversion of forest and woodland habitats suitable for chimpanzees, to land suitable 
for agriculture (Humle et al., 2016). This quick transformation impacts the food availability, 
behavioral patterns, dispersal, and social organizations of chimpanzees and other primates, in 
addition to increasing health risks (Humle et al., 2016).  
 Habitat loss and fragmentation can cause environmental problems but may also lead to 
population decline and potential extinction (Martínez-Mota et al., 2007). Physiological stress 
responses and reduced rates of reproduction due to chronic stress, in addition to the already slow 
life history of some primates, could contribute to population and species decline (Martínez-Mota 
et al., 2007). Chimpanzees, like other apes, have long life histories, with generation times 
estimated to be roughly 23 years (Humle et al., 2016). Some species that experience 
fragmentation also show high cortisol metabolite levels in their feces, which could indicate a 
suboptimal environment, possibly having a long-term negative effect on their, health, fertility, 
and survival (Martínez-Mota et al., 2007). Their slow reproductive rates combined with illegal 
hunting can lead to quick reductions in size or possible extinction of populations (Humle et al., 
2016).  
 Another anthropogenic disturbance plaguing primates is poaching (Humle et al., 2016). 
Chimpanzees are legally protected in the countries they reside in, making it illegal to capture, 
kill, or trade a chimpanzee or any of its body parts (Humle et al., 2016). Commercial hunting, 
resulting in bush meat, is often facilitated by logging and habitat loss (Humle et al., 2016). The 
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illegal pet trade is also an issue that can result in a reduction of chimpanzee numbers, as well as 
other primate species (Humle et al., 2016). The capture and trade of an infant often indicates the 
death of the mother and possibly other group members as well (Humle et al., 2016; Pruetz & 
Kante, 2010). Non-human primates are seen as pets or even kin in some societies (Fuentes et al., 
2016). In southeastern Senegal, humans and chimpanzees live sympatrically and may encounter 
one another in some areas, like near water sources (Pruetz & Kante, 2010). Deforestation along 
watercourses has been legally restricted by the partnering of the Fongoli Savanna Chimpanzee 
Project (FSCP) and local authorities and leaders to reduce the impact of increasing human 
numbers (Pruetz & Kante, 2010). Chimpanzees are not targeted by humans for dietary reasons 
but may be opportunistically sought out in Senegal to acquire infants for the pet trade (Pruetz & 
Kante, 2010).  
 Increasing human populations and expansions also brings with it an increased risk of 
zoonosis and disease outbreaks (Humle et al., 2016). Disease outbreak is the main cause of death 
in some populations like Bossou in Guinea or Taï in Côte d’lvoire (Humle et al., 2016). Because 
chimpanzees are so closely related to humans, they are susceptible to many of the diseases that 
can affect humans (Humle et al., 2016). Human expansion leads to increased interactions with 
chimps and their interactions with our waste, leading to a higher risk of disease transmission 
(Humle et al., 2016). Tourism also plays a part in disease transmission by bringing in more 
people to the area (Humle et al., 2016).  
There are several activities that contribute to human disturbances in west Africa, 
including gold mining, agriculture, and fishing (Niane et al., 2014). In the eastern region of 
Senegal, all of these activities are concentrated in wetlands supplied with water by the Gambia 
and Falémé Rivers (Niane et al., 2014). An increase in disturbances forces primates to adjust 
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their way of life somehow, whether through behavior, diet, or something else (Johns & Skorupa, 
1985). Primates, like vervets, will utilize the food that is available to them which may include 
crops (Chapman et al., 2016).  
 
Artisanal Small-Scale Gold Mining 
The introduction of small-scale mining to the international world first occurred in the 
early 1970s, following a landmark publication by the United Nations (Hilson, 2016). Artisanal 
and small-scale mining (ASM) in sub-Saharan Africa is a labor-intensive and low-tech process 
of extracting minerals (Hilson, 2009; Hilson, 2012). Miners, specifically those operating in 
small-scale artisanal mines, are seen as criminals, vandals, and environmental polluters, but they 
promote their own livelihoods and those in the communities living near their mine (Bush, 2009). 
Men, women, and children all have the opportunity to earn income with artisanal mines, 
compared to corporate mines, which provide inadequate compensation and destroy the land 
(Bush, 2009). This is a rapidly expanding field, and the International Labor Organization (ILO) 
gives a conservative estimate of 10 million people being employed by this form of work, 
producing 15-20% of the global mineral output (Hilson, 2012; Verbrugge & Besmanos 2016).  
Sub-Saharan Africa is rich in resources, but now many countries are over-reliant on the 
extraction of natural resources, like diamonds and gold (Ackah-Baidoo, 2016). Artisanal small-
scale mining activities vary widely in terms of scale, technological levels, and organization. 
Mines can employ anywhere from one person to hundreds of people, contain technologies 
ranging from rudimentary shovels and pick-axes to large excavators, and can be run by investors 
who have a share in the profits, or large operations (Nyame & Grant, 2014). There are many 
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concerns surrounding ASM activities, specifically health matters, economic and formalization 
issues, environmental impacts, and child labor (Verbrugge & Besmanos, 2016).  
The Kedougou region is one of the main gold deposits in Senegal, producing more than 
one ton of gold annually through artisanal mining (Niane et al., 2014; Doucouré, 2014). More 
than 10 million ounces of gold have been discovered, characterizing this region as a significant 
gold mining focus (Niane et al., 2014). The only active mining company in the area is Teranga 
Gold Operation (TGO) at Sabodala (Niane et al., 2014), although Toro Gold began operations in 
2017 at Mako. The Bantako mine is the most active ASGM site along the Gambia River, 
consisting of over 2,000 miners (Niane et al., 2014). The amalgamation process is performed at 
the Bantako 2 site, near Bantan and Fongoli, where the permanent water source helps facilitate 
the intense and concentrated ASGM activities (Niane et al., 2014). Bantako sites 1 and 2 are 
roughly 30 kilometers north/northwest of Kedougou (Niane et al., 2014). Mercury at this site is 
used to aid in amalgamation (Niane et al., 2014). Spatial distribution suggests there is local 
contamination with a limited downstream dispersion of the element (Niane et al., 2014).  
 
Mercury Contamination and Health Affects 
Artisanal small-scale gold mining (ASGM) activities, such as those in the region of 
southeastern Senegal, often use mercury (Hg) for gold amalgamation (Niane et al., 2014).  
Mercury use in Senegalese mines is common and has been found to contaminate sediments 
around mining sites (Niane et al., 2014). The highest sediment contamination levels seem to be 
found during the dry season, possibly as a result of rain and flooding washing the sediments into 
water sources (Niane et al., 2014).  Mercury used for gold amalgamation can enter the 
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environment via soil or river sediment, or it can be emitted through the atmosphere in its gaseous 
state (Niane et al., 2014).  
The banks of the Gambia and Falémé Rivers, which are the largest water streams in the 
region, are home to the main ASGM activities in the eastern region of Senegal, but seasonal 
water sources also provide locations for mining (Niane et al., 2014). A lack of hydraulic 
equipment in the area forces people to use water from the rivers to aid in mining (Niane et al., 
2014). Areas with fewer numbers of ASGM miners contain lower total mercury (THg) 
concentrations deeper, compared to sites with higher numbers of workers like Tinkoto, which is 
a few kilometers from the Gambia river (Niane et al., 2014). The Tinkoto site is in the Bantan 
range, which will serve as the study site. Tinkoto is also the oldest ASGM site in the region 
(Niane et al., 2014).   
 Mercury is one of the main toxic metals that are found in an aquatic environment, 
especially in the form of methylmercury (MeHg) (Niane et al., 2015). This is because of its 
ability to biomagnify, or increase in concentration, in the food chain (Niane et al., 2015). The 
bioaccumulation and biomagnification properties of Hg along the food chain make it a dangerous 
element, especially in aquatic systems (Niane et al., 2014). Its biochemical conditions control its 
bioavailability, mobility, and toxicity, allowing it to persist in trophic chains, such as in the form 
of MeHg, which is the most toxic and persistent form of Hg (Niane et al., 2014).  
High concentrations from ASGM sites can exceed the Sediment Quality Guidelines 
(SQGs) and the Probable effect concentration (PEC) for the Protection of Aquatic Life, 
suggesting a significant health risk to humans and potential source of toxicity for aquatic life 
(Niane et al., 2014). Areas with ASGM, such as Amazonia, China, and east Africa, have 
exhibited health risks for local populations that consume fish contaminated with mercury (Niane 
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et al., 2014).  Consumption of aquatic food is the main way humans are exposed to Hg, although 
it can also be inhaled as a gas in its elemental form (Niane et al., 2015). Humans along the 
Gambia River, at ASGM sites, who consume fish were found to have high levels of THg in their 
hair, compared to those from other locations (Niane et al., 2015).  
During amalgamation, large amounts of Hg are discarded into the surrounding soil and 
river systems (Niane et al., 2015). Mercury concentrations in hair usually reflect an exposure to 
Hg in its organic form, or in its gaseous form around mining areas (Niane et al., 2015). Hair 
collected from people living in mining areas has much higher Hg concentrations than those 
living farther from mining areas (Niane et al., 2015). This is partly due to fish consumption 
(Niane et al., 2015). People living outside the mining areas have a more diverse diet and 
consume more imported fish rather than fish collected from the Gambia River, which contains 
higher Hg levels in the water due to mining (Niane et al., 2015). Miners that directly handle Hg, 
or even those living near ASGM sites, are exposed to inorganic Hg, which can be linked to 
adverse health effects, such as neurotoxicity (Niane et al., 2015). There is evidence to suggest 
that women with high levels of Hg can give birth to children with Hg-related neuropsychological 
dysfunctions (Niane et al., 2015).   
 
Life in the Mines 
 Mines and the camps associated with them are perceived as male-dominated worlds, 
despite the fact that many women live and work in these camps (Werthmann, 2009). Migrating 
to mining camps, as a woman, is often compared to male initiation rites (Werthmann, 2009). 
Despite the risk of exploitation, violence, prosecution, or health hazards, many women move to 
the camps because they offer economic and social independence (Werthmann, 2009).   
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 In many camps, women form networks and offer assistance of some sort when another 
woman is in need, or, if necessary, will intervene in case of conflict (Werthmann, 2009).  Many 
women who come to the mining camps are pursuing economic activities without being watched 
by their relatives; they are often women who come from unhappy marriages, are widows and 
refuse to remarry, or cannot accept a second wife (Werthmann, 2009). There is a stigma that 
surrounds women who migrate to mining camps: that they engage in illicit sexual relationships 
with the miners, and this can ruin a woman’s (or girl’s) reputation (Werthmann, 2009).  
 Women and girls who come to the camps are not slaves, as often depicted by the media, 
but come to the camps voluntarily to work, although the girl’s parents do not want their 
daughters there because the camps have bad reputations and are seen as dangerous (Werthmann, 
2009). Entire families have been known to live and work in the ASM camps, because it is a 
“poverty-driven” activity, suggesting that the children working in these environments are 
products of poverty (Hilson, 2012). Over 50% of the sub-Saharan population lives below 
poverty, encouraging more children to provide some sort of income or support to their families 
(Hilson, 2012). Parents who are unable to make an acceptable living often rely on their children 
to contribute, in some way, to the livelihood of the family (Hilson, 2012).  
The United Nations Children’s Fund (UNICEF) brought awareness to the issue of child 
labor in ASM in 2005 at the World Day against Child Labor, stating that “‘child labour in mining 
and quarrying is in virtually all cases, a Worst Form of Child Labour (WFCL) because of the 
extent and severity of the hazards and the risks of death, injury and disease’” (Hilson, 2012, 
p.1663). International organizations argue that children are too vulnerable and powerless to make 
decisions, including those that may affect their health and safety, cannot defend their rights, and 
lack access to media which may tell their stories and help them speak out (Hilson, 2012).  
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The presence of children at ASM sites is argued to be a result of demographic issues in 
the region, with child labor being primarily a rural issue (Hilson, 2012). An estimated 80% of the 
sub-Saharan population participates in subsistence agriculture, with approximately one-third of 
the region’s children between the ages of five and 14 being “economically active” (Hilson, 
2012). Roughly 90% of the work children do is tied to agriculture (Hilson, 2012). Many of these 
children are family members, who are unpaid, and unable to attend school, preventing them from 
learning new skills which could help get them out of poverty (Hilson, 2012). The ILO’s 
Convention on the Minimum Age for Admission to Employment to Work permits children from 
the ages of 12-14 to engage in “light work,” but this does not take into account the rural African 
context (Hilson, 2012; Maconachie & Hilson, 2016).  
There is some confusion as to what classifies children’s responsibilities as “children’s 
work,” or housework, carrying firewood, and fetching water versus “child labor,” or carrying 
sacks of mud on their heads, washing sand, and removing sediments from the river basin (Hilson, 
2012). “Children’s work” is thought to emphasize learning, training and socialization, whereas 
“child labor” oversteps the boundaries of what is considered a socially acceptable norm (Hilson, 
2012). Agriculture and ASM are both seen by international organizations as a WFCL, but the 
host governments determine what is considered “hazardous work” (Hilson, 2012). The ILO’s 
Convention on the Worst Forms of Child Labour is largely based on the western ideology of 
“childhood,” thus raising concerns about its amenability (Maconachie & Hilson, 2016). Sub-
Saharan African has roughly 33% of its youth in the workforce, making it home to the world’s 
highest concentration of child labor (Maconachie & Hilson, 2016).   
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Economics 
New ASM sites have been known to create villages, comprised of local people and 
foreigners, who live off the direct mining activities and a variety of economic spin-offs (Nyame, 
2014). Large-scale mining is different from ASM in that it involves private or public firms, with 
corporate structures, that have sizable capital investments, and only operate on certain land 
concessions granted by the government (Nyame & Grant, 2014). Many people who live near the 
mining communities and provide services other than mining, travel with the miners when they 
move to new areas (Nyame & Grant, 2014). These people provide important supporting roles in 
the mining industry because the miners rely on them for food, tool maintenance, and lodging 
(Nyame & Grant, 2014). These people move with the miners to support themselves from the 
economic spin-offs of the mining activities (Nyame & Grant, 2014). 
Improvements of infrastructure, like roads, have enabled miners to move more quickly to 
new mining locations, and opened up previously inaccessible locations (Nyame & Grant, 2014). 
Improvements in mining and processing equipment and techniques have made extraction more 
efficient and allowed miners to remove larger amounts at one time (Nyame & Grant, 2014). 
Roughly 50% of the exports in this region of Africa is from minerals and oil, making it one of 
the least diverse export bases in the world (Ackah-Baidoo, 2016). 
 ASM labor does lead to modest returns for some people, allowing them to build enough 
capital to sponsor their own mining teams or lease land; yet, other operators may earn a small 
income, thus reducing some pressure on the governmental support services (Nyame & Grant, 
2014). Not only do ASM activities provide a multitude of opportunities for employment, but they 
also make important contributions to the government. The countries in this area tend to suffer 
from weak regulatory regimes on natural resources, slow economic growth, high levels of 
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poverty and unemployment, and high population growth (Nyame & Grant, 2014). However, 
recently extraction of natural resources has grown with the help of strong international demands 
and rising global commodity prices (Nyame & Grant, 2014).   
 
Formalization of ASM 
 ASM is divided into formal and informal mining, based on whether or not the miners 
have legally registered licenses (Fold et al., 2014). State institutions and civil society 
organizations have attempted to “formalize” the informal sector, or legalize it, by focusing on 
entry points in the ASM chain, from excavation to consumption (Fold et al., 2014). There is an 
unknown, but large, amount of ASM production taking place in the “twilight zone,” where 
production itself is illegal because it is taking place on unlicensed land, but the trading channels 
are so entangled, making it hard to distinguish the two sectors later on in the chain (Fold et al., 
2014).  
 People have argued that ASM provides obvious employment benefits, and that a 
formalized sector could be a plot for governments, with the mineral serving as a form of 
currency, contributing to foreign income (Hilson, 2009). In countries that prove to be rich in 
gold, attempts to legalize ASM have occurred with other initiatives to reform industrial, or large-
scale mining, which were mainly focused on attracting foreign investment to mine for gold 
(Hilson, 2009).  
The attempt to formalize ASM in sub-Saharan Africa has resulted in the distribution of 
“inappropriate processing and environmental technologies; the implementation of bureaucratic 
licensing schemes; and design of ineffective and/or incompatible regulations” (Hilson, 2009, 
p.3). Securing licenses and formalizing is made difficult by bureaucracy, expensive registration 
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fees, long delays on decisions and permit applications, and a shortage of land (Hilson, 2016). 
Sub-Sharan governments frequently receive criticism from the private sector and NGOs for 
failing to provide the necessary funds, time, and resources to formalize ASM (Hilson, 2016).  
 It is argued that current formalization efforts fail to address the needs and concerns of a 
large, informal workforce, where the people risk working in hazardous conditions and may fall 
prey to exploitation (Verbrugge & Besmanos, 2016). Formalization efforts tend to focus heavily 
on mineral tenure rights, “which are seen as a sine qua non,” and usually take the form of permits 
or licenses that are issued to individual operators or ASM-collectivities (Verbrugge & Besmanos, 
2016). Formalization also often fails to recognize any organizational arrangements existing 
within the workforce (Verbrugge & Besmanos, 2016).   
  
The Future of Small-Scale Mining  
There is great potential for large-scale mining companies to support ASM, specifically 
training, health and safety, and environmental sustainability (Hilson & Gatsinzi, 2014). 
Partnerships between large-scale and small-scale operations would reduce tensions, minimize 
environmental impacts and increase trust between parties (Hilson & Gatsinzi, 2014). In some 
parts of the region, there are opportunities for large-scale operators to build partnerships with 
ASM operators, although few are willing to do that (Hilson & Gatsinzi, 2014). Formalization 
provides the policymakers a chance to provide youths with employment and create more 
effective ways to alleviate poverty (Hilson & Gatsinzi, 2014).  
Prioritization of the growth of “foreign-financed large-scale mineral exploration and 
extraction” by host governments has essentially created the informal ASM economy found in 
sub-Saharan Africa today (Hilson & Gatsinzi, 2014). It is believed that ASM reflects some 
32 
 
 
“seasonality,” suggesting that mines provide employment to people in depressed agricultural 
areas, reduce the drift to towns, bring new skills to the local people, create a demand for 
transport, and provide raw materials for mineral-based industries (Hilson & Gatsinzi, 2014).  
ASM activities have become more visible and widespread over the years, compared to its 
predecessor, agriculture (Hilson, 2016). Non-farming activities provide an important source of 
employment in rural areas, and, as farms become smaller, the amount of income from non-
farming activities in each household grows (Hilson, 2016). Farming in these regions provides a 
sustainable livelihood for people, but many are choosing to “‘branch out’” into mining because 
they feel it will provide a greater economic advantage (Hilson, 2009). In areas where ASM and 
agriculture coincide, mining has become the primary source of income, although farming is the 
centerpiece of development in the region, despite its diminished growth (Hilson, 2016). The link 
between mining and farming in some areas is also critical for survival; families use their crops to 
attract and feed miners as a way to make a living (Hilson, 2016).  
Thanks to the structural adjustments, ASM has taken on more of a primary role in earning 
an income, whereas farming has become a food supply more for the house and less for the 
market (Hilson, 2016). Links between ASM and agriculture have proved to create income in 
areas where poverty is everywhere, and education fails to lead to jobs (Hilson, 2016). 
 Not all anthropogenic disturbances are directly aimed at a given species, as seen with 
mining (Niane et al., 2014). Mining is one factor leading to habitat loss, but it also introduces 
harmful elements into the environment, such as mercury (Niane et al., 2014).  
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CHAPTER 3: METHODS 
Study site 
 Research was conducted in the Department of Kedougou, in the southeastern region of 
Senegal, West Africa. The Bantan site is located approximately 17 kilometers north of the town 
of Kedougou (Figure 2) between the GPS points of 12o40.26103N, -12 o16.543038W; 
12o41.392927N, -12 o11.436501W; 12 o40.275872N, -12 o14.667982W; and 12 o45.06325N, -12 
o15.425983. Bantan lies between the highway N7 to the west, and the Gambia River to the east. 
This region is considered a savanna mosaic, including multiple habitat types used by 
chimpanzees (Bogart & Pruetz, 2011; Hunt & McGrew, 2002; Pruetz et al., 2002; Boyer, 2011, 
Table 1). To classify an area as a certain habitat, the vegetational pattern must continue in all 
directions for a minimum of 10 meters in diameter. All data were collected from May-July 2017,  
during the transition from the end of the dry season to the wet season.  
 This site lies to the north of the Fongoli range, which is studied by Dr. Jill Pruetz. I was 
granted permission to work here by Dr. Pruetz and the people in the village of Fongoli. The local 
people helped Pruetz begin her work at Fongoli, telling her about the plants and animals of the 
area (Pruetz, 2014), and they passed their knowledge on to me as well. Through cultivating 
relationships with the local people, Pruetz helped facilitate the relationships between the local 
people and chimpanzees by communicating the importance of research (Pruetz, 2014). Pruetz 
received permission to conduct research from the Republic of Senegal, the Eaux et Forets of 
Senegal (Pruetz, 2014), and the Institutional Animal Care and Use Committee (IACUC). As one 
of her students studying in Senegal, I was also granted permission under these organizations. 
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Figure 2: A map of the area showing the distance between the town of Kedougou and 
the village of Fongoli, which is thought to be at the southern edge of the Bantan 
community. *Note: The town of Mako is mislabeled and lies farther to the north of 
the range. 
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*Fongoli is the area directly south of Bantan that contains a community of habituated 
chimpanzees 
**Bogart & Pruetz, 2008 
***Bogart & Pruetz, 2008 
****Bogart & Pruetz, 2008 
*****Bogart & Pruetz, 2008 
******Bogart & Pruetz, 2008 
******* Bogart & Pruetz, 2008; Pruetz et al., 2008 
********Bogart & Pruetz, 2008 
 
Habitat Type Definition Percentage of 
Habitat at Fongoli* 
Gallery Forest Riverine, tropical “semi-deciduous lowland forest” 1%** 
Woodland “drought-deciduous, lowland woodland” 32%*** 
Bamboo Woodland “flat-leafed savanna with isolated palms and 
deciduous trees” 
13%**** 
Tall Grass Grassland (grassland) “narrow-leafed savanna with isolated deciduous 
trees” 
24%***** 
Short Grass Grassland/Shrubland 
(plateau, open grassland) 
“narrow-leafed savanna with isolated deciduous 
shrubs”  
24%****** 
Ecotone Forest 
  
Strip of evergreen woody vegetation produced by 
runoff from a plateau edge 
3%******* 
Field Cultivated, with disturbed vegetation 3%******** 
Table 1: Seven main types of habitat used by chimpanzees in West Africa according to 
Hunt and McGrew (2002), Pruetz et al., (2002), Bogart and Pruetz (2008). 
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Subjects 
 The Bantan community of western chimpanzees is estimated to include approximately 20 
individuals (Pruetz, unpublished data). Ape population sizes can be estimated by counting the 
number of sleeping nests created (Kouakou et al. 2009). This group is not habituated to humans, 
requiring me to perform indirect data collection. Previous data had been recorded periodically 
from 2000-2012 (Sandoval-Green et al., in prep.). The Sandoval-Green data was 
opportunistically recorded in previous years. This dataset included the GPS location, the number 
of nests at each location, the age of those nests, and the season (Sandoval-Green et al., in prep.).  
 
Behavioral Data Collection 
 My data collection consisted of alternating reconnaissance walks, in which I explored the 
habitat scanning the trees for nests, or transects each day for eight weeks (Boyer, 2011; Pruetz & 
Bertolani, 2009; Sandoval-Green in prep.). I completed each transect and reconnaissance walk 
twice to record data that may have been missed during the first walk, or to record any nests that 
had been made since the previous walk. Data collection started with two “test days,” one for the 
reconnaissance walks and one for transects. The data from the transect test day was not used in 
my analysis because my methods required some modification.  
 
Transect Data Collection 
 I created 13 transects in an area north of the Fongoli chimpanzee range, hypothesized to 
be the Bantan chimpanzee community range (Figure 20). The transects covered an area ranging 
from the highway N7 on the west to the Gambia River on the east, and from Fongoli to just south 
of Bantako village, totaling an area of approximately 60 kilometers (Figure 2, Figure 6, Figure 
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20). Transects ran east to west and continued until a barrier was reached, such as the Gambia 
River or the highway, or until 5 kilometers was attained (Boyer, 2011; Pruetz & Bertolani, 2009; 
Sandoval-Green in prep.). I used the dirt road running from Fongoli to Bantako as the divider, 
differentiating the east and west transects. Transects running east to west had a minimum 
distance of 100m between them, and those north to south were separated by three kilometers. I 
recorded data according to the range visible to me from the transect (Boyer, 2011), which varied 
slightly depending on the habitat I was in but averaged roughly half a kilometer.  
I started with the most southeastern transect, walking east; on the next transect day, I 
moved to the southwestern most transect, followed by the middle northeastern transect. I 
continued this process for the rest of the summer. For six transects in the center of the transect 
group, I stopped every 100m to collect data on the vegetation around me. These six transects 
bordered the dirt road between Fongoli and Bantako. Using the point-centered quartered method 
(PCQ), I measured the circumference and species of five woody plants at the stopping point, as 
well as how far each plant was from the center point.  The plant closest to me was my center 
point; I recorded its local name and later identified its scientific name with the help of Jill Pruetz 
and others in Senegal, and the field guide Arbes, arbustes et lianes des zones sѐches d’ Afrique 
de l’Ouest by Arbonnier (2009). From this center point, I divided the surrounding area into 
quadrants and located the closest plant to me in each quadrant (Bogart and Pruetz, 2011; Cottam 
& Curtis, 1956). I paced out how many steps it was from the center point to each woody plant. I 
later measured my steps to allow me to convert the distance to meters. I also recorded the habitat 
of each PCQ point. 
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I surveyed seven transects that were farther to the east or west of the central six transects 
and called these “outlying transects” (Figure 6, Figure 20). I did not stop every 100m to record 
the PCQ data for these transects. Instead, I recorded habitat changes along these transects and 
disturbances. For all 13 transects I recorded the GPS coordinates every time I stopped, habitat, 
and disturbances. If there were multiple disturbances at one place, I recorded one GPS point, the 
type(s) of disturbance, and how many of each type were present. For example, if there was an 
area with multiple cut trees and multiple pruned trees, one GPS point was taken for them all, and 
the number of cut and the number of pruned trees was recorded. If the disturbances were off the 
transect but still in sight, I recorded the GPS point for the transect and estimated how far the 
disturbance was.   
During each transect I also noted any anthropogenic disturbances I found, such as 
damage to trees, and the presence of villages, mines, and vehicles. If a tree was damaged, either 
Point Center Tree 
Trees recorded (species and DBH) 
Trees in the area but not closest to 
point center 
Measured distance 
 
Figure 3: Point-centered quarter method used for determining the availability of trees. 
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completely cut down or just pruned, I recorded the species and size. At the beginning of the 
disturbance data collection I was also pacing the distance from the transect to the disturbance, 
and measuring all the damaged trees, but on extensively disturbed transects this prevented me 
from keeping my surveys on schedule. Instead, once I became more familiar with the 
measurements of trees in my PCQ quadrants, I was able to estimate the size of a tree. I started 
classifying the plants by “small” (0-20cm in circumference), “medium” (20-50cm in 
circumference) or “large” (50cm+ in circumference) rather than measuring DBH. If there were 
some I was unsure about, I measured them. This cut down on the time I spent at each stopping 
point and allowed me to get farther on the transects, collect more data and keep the survey 
schedule. If I saw a chimpanzee nest in a tree along the transect, I recorded its location as well as 
the other data for trees with nests. If the tree containing the nest fell within the area of the PCQ, I 
did not include it and used the next tree closest to the center as part of the PCQ. I did this to 
avoid any confusion of which category to include this tree in during the data analysis process. 
This was a rare occurrence, only happening once.  
 
Nesting Patterns 
 Reconnaissance walks occurred on days when I was not doing transects. The first few 
days my assistant led me to areas around the range to look for nests; after that, reconnaissance 
walks were done in areas that had not yet been covered by previous walks. Unlike transects, 
which occurred in all habitat types, reconnaissance walks were done primarily in woodland and 
gallery forest habitats, since nests are more likely to be found there.  
 Any tree I came across during my walks that contained at least one nest was documented. 
Similar to the transect methods, I recorded the GPS location in degrees and minutes, the species 
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of tree containing the nest, and its circumference. In addition to this, I observed how many nests 
were in each tree, and the category of nesting age, according to seven general categories (Table 
2). The number of fresh nests can give an indication of the number of chimpanzees in a nesting 
party since they were built the previous night. Walks lasted a minimum of five kilometers from 
the starting point. I chose an area to study for the day and upon arrival at that area, scanned the 
tree canopy looking for nests. I moved through the area in a sweeping way, walking in one 
direction for a while, then turning for a few meters and going back the way I had come. This 
allowed me to cover a large area thoroughly. All walks were conducted twice, with at least two 
weeks between each survey. 
The data recorded from 2000-2008 was collected by two research assistants from the 
FSCP. They collected nesting data from Bantan primarily during the transitional (dry to wet) and 
wet seasons (May-August). The majority of nests (60.16%) were recorded between May and 
August. Some years included data from both the wet (June-September) and dry seasons 
(November-April), as well as the transitional periods between seasons (May, October).  
However, there was not a consistent effort in data collection year-round in these early years, with 
most surveys occurring during the rainy season. 
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Table 2:  Seven categories of nests based on their state of decomposition (Boyer, 2011; Pruetz et 
al., 2002; Kouakou et al., 2009).   
Nest Category Definition 
Fresh Built within the last 24 hours, green vegetation that has not wilted, feces or urine in or 
beneath the nest 
Fresh/Recent Green vegetation, slightly wilted, feces below nest but not fresh 
Recent At least 24 hours old, green, wilted vegetation 
Recent/Old Mixture of wilted green vegetation and brown vegetation 
Old Lack green vegetation 
Old/Rotting Bare, woody frame with patches of vegetation, typically in the bottom of the nest 
Rotting Strictly wooden frame, no vegetation 
 
                                                 
 
 
 
 
 
 
 
 
 
 
a. 
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b. 
c. 
Figure 4: Examples of fresh (a.), old (b.), and rotting (c.) chimpanzee nests in Bantan. 
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Video Analysis 
 I used three Spypoint HD-7 Infrared trail cameras to collect videos of the chimpanzees, 
hoping to obtain some demographic and behavioral information. I set up the cameras in June at 
locations where evidence of chimpanzees was found in May. I placed one camera in a small cave 
at the northern edge of the range because the Fongoli group of chimpanzees to the south has been 
observed using caves (Pruetz, 2007). I placed the second camera at a termite mound in a 
woodland/savanna habitat edge where many termite-fishing tools were found. I placed the third 
camera in an area containing a tree with large buttress roots that had been smoothed from 
chimpanzees beating them. I split camera placement into the general north, east, and western areas 
of the estimated range. Cameras were set to record 30 seconds of video with a one-minute delay, 
which was the shortest delay selection on this camera model. Each camera ran on six AA batteries 
and contained a 32GB SD card. I left the cameras out for one month and collected them at the end 
of July. I uploaded the videos from each SD card to a computer and all instances of animal presence 
were recorded.  
Figure 5: The position and location of the camera trap placed in the cave at the beginning 
of the study. 
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The use of camera traps allows researchers to gather data and achieve results in a shorter 
period of time than habituation and behavioral observations (Boyer-Ontl & Pruetz, 2014). It also 
allows data that is not readily available to be collected, such as if the individual(s) is/are secluded 
or inaccessible, vulnerable, or if the group is unhabituated (Boyer-Ontl & Pruetz, 2014). 
Cameras also allow data to be collected on other species that cannot be easily observed when 
following one species (Boyer-Ontl & Pruetz, 2014). Having camera traps set out can also help 
conservation efforts by increasing researcher presence, collecting behavioral data thus decreasing 
the chance of disease transmission, and decreasing poaching around the area (Boyer-Ontl & 
Pruetz, 2014).  
Tool Use 
 Chimpanzees often create and modify tools to acquire food (Pruetz & Bertolani, 2007; 
Pruetz et al., 2015). I opportunistically recorded any evidence of tool use, such as spears or termite 
fishing tools. I recorded the type of tool and its GPS location, and some tools were brought back 
to camp to be measured. Tools could indicate if chimpanzees use a specific area, and what 
behaviors this community exhibits. 
 
Data Analysis 
 I compared some of my nesting data, specifically the location, age and number of nests at 
each site with that of Sandoval-Green (in prep.). The Sandoval-Green data was collected 
periodically from the years 2000-2012, with nest counts from the months of April-December 
(Sandoval-Green in prep.). I compared the number of nests at each nesting location I found to 
Sandoval-Green’s dataset to explore whether there was a change in nesting location over time, 
perhaps as a result of increased mining. Nests from both the wet and dry seasons were included in 
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my analysis to estimate the range of the community. I plotted the GPS points of nests from my 
data and Sandoval-Green, as well as disturbances, on a map of the region using ArcMap 10.4.1. I 
collected all GPS points in degrees minutes format using a Garmin GPS.  
 Regarding tree size, I converted all measurements from circumference to diameter at breast 
height by dividing the circumference by pi. Summary data were collected from reconnaissance 
walks and transects, specifically the number and average size of each species for each 
methodology, the number of each nesting age, the number of each disturbance observed, and, if 
trees were damaged, the number and average size of each species affected. I found percentages of 
each tree species and the average size of each from the transects to determine if a certain species 
or size is more available in the range (
#𝑜𝑓𝑡𝑟𝑒𝑒𝑠𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑇𝑜𝑡𝑎𝑙#𝑡𝑟𝑒𝑒𝑠𝑓𝑜𝑢𝑛𝑑
) ∗ 100 . I also found a percentage for the 
number of nests in each species (
#𝑜𝑓𝑛𝑒𝑠𝑡𝑠𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑇𝑜𝑡𝑎𝑙#𝑛𝑒𝑠𝑡𝑠𝑓𝑜𝑢𝑛𝑑
)*100. I compared this percent to the percentage 
of available tree species, and sizes, to determine if the chimpanzees show a preference for either 
species (
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑜𝑓𝑛𝑒𝑠𝑡𝑠𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑒𝑔𝑒𝑜𝑓𝑠𝑝𝑒𝑐𝑖𝑒𝑠𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦
 )*100 or size (
#𝑜𝑓𝑛𝑒𝑠𝑡𝑠𝑝𝑒𝑟𝑠𝑖𝑧𝑒𝑟𝑎𝑛𝑔𝑒
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑜𝑓𝑒𝑎𝑐ℎ𝑠𝑖𝑧𝑒𝑟𝑎𝑛𝑔𝑒
)*100 when 
choosing a nesting tree. I used the statistics program JMP to analyze if there was a significant 
difference between species that contained nests, species availability, or species that were damaged. 
I used the generalized linear model with Poisson distribution to determine significance.                       
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CHAPTER 4: RESULTS 
 During this study, I recorded 719 nests using reconnaissance and systematically placed 
transects at the Bantan study site and compared their locations to the 996 nests recorded more 
opportunistically in previous years (Sandoval-Green et al., in prep). I also recorded the tree 
species and DBH each nest was found in, as well as the availability of woody plants in the area. 
These data allowed me to map the locations of all 1,715 nests from both data sets to determine if 
the Bantan chimpanzee community has been consistent in where they nest at night. I was also 
able to determine if the group shows a preference for species or size of the nesting tree. Data on 
anthropogenic disturbances were also collected, allowing me to determine how much of a 
presence humans have in the area and how potentially harmful such disturbances are to the apes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The actual location of all 13 transects with nests from 2000-2017. 
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Nesting Locations 
 From May 28 through July 29, 2017, nests were recorded along 13 transects and nine 
reconnaissance walks in an area estimated to be approximately 64km2. The 1,715 nests from both 
data sets were mapped to show distribution (Figure 7a). Figure 7b. shows a range of nest 
densities at each nest group for each year, with over 21 nests being found at a single location in 
2008. Densities were based on trees that may have included multiple nests or may have been 
multiple trees at the same GPS point containing nests.  
In 2017, there were few fresh nests and an even smaller number of these being discovered 
at a single location. I chose to use recent nests as a way of calculating the group size. A sighting 
of five recent nests in a single day allows me to estimate the Bantan community size, with a 
minimum of five individuals. If the Bantan chimpanzees follow the same pattern of cohesion as 
the Fongoli chimpanzees, it can be estimated that the maximum number of individuals is 50% 
more than the number of nests found in one location, or 10 individuals. Applying the same 
calculations to the maximum number of fresh nests found in one day, nine, the community size 
can be estimated to be between 9-18 individuals. These estimations do not include nests that fell 
in an age classification bordering between either fresh/recent or recent/old. 
  
4
8
 
 
 
a. b. 
Figure 7: The distribution of nests from the years 2000-2017 (a.) and the density of nests at each 
location per year from 2000-2017 (b.). 
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There is a general westward shift in nesting locations between the years 2000 and 2017 
(Figure 7a.). Spatial statistics in ArcGIS demonstrate that there is a significant difference in 
nesting location from 2000-2017 (p=0.011, SE=9.25) (Figure 23). Nests from 2017 and previous 
years appear to be more densely located in an area roughly half way between the Gambia River 
and the highway, although the years 2003 and 2004 show high densities along the river (Figure 
7b.). Outliers existed east of the Gambia River and in Guinea, but were excluded from these 
maps, as they were likely errors in recording GPS coordinates.  
The estimated range for the Bantan chimpanzee community is based on the nesting 
locations from years 2000, 2003, 2004, 2008, 2010, 2012, and 2017 (Figure 8). Nests from all 
years were used to give a better understanding of where the range could be based on evidence 
that the chimpanzees have used the area previously. A minimum convex polygon was used to 
estimate the home range at approximately 48.5km2.  Nests recorded between years 2000-2012 
comprise one data set used by Sandoval-Green et al., (in prep.). The directional distribution 
shows a slightly northern movement pattern in addition to the westward trend; it also highlights 
the densest area of nests over all the years which is believed to be the core range (Figure 8). The 
estimated range shows the entire area the chimpanzees use. The estimated core range shows 
where the chimpanzees nest most of their time over the years (Figure 8, Figure 9).  The 
southernmost points in Figure 8 were recorded in 2017 but it is unclear if they were from the 
Bantan or Fongoli community as both communities utilize that area.  
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Figure 8: The density of all nests with the estimated range and core range of the group from 
2000-2017.  
Figure 9: A heat map showing the density of 2017 nests ranked from 1-10, with 10 being the 
densest areas, in relation to the estimated home range.  
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Petit Oubadji, a nearby village, lies within the Fongoli chimpanzee range. Some of the 
recorded nests from the previous dataset lie close to the village (Figure 7, Figure 8); these could 
potentially be nests from the Fongoli chimpanzees rather than the Bantan chimpanzees. The two 
communities are believed to have overlapping ranges around Fongoli, possibly extending to the 
east and west towards the highway and the river.  
The densest nesting areas in 2017 lie near the center of the estimated home range, which 
is based on the location of all nests found since 2000 (Figure 9). This area correlates with the 
area of highest nest density since 2000 and with the estimated core range in Figure 8.  
 
Nesting Preferences 
Ecological data recorded during the reconnaissance walks and transects provided 
information about whether or not chimpanzees show a preference for a certain tree species or 
size when choosing a nesting site. It also gave information about what vegetation and their sizes 
were available in the area. During the reconnaissance walks, the species of each tree with a nest 
was recorded, as well as its circumference, which was later converted to DBH. The same 
information was collected using the PCQ method along the transects that were not considered 
“outlying transects,” or those that fell within the estimated chimpanzee range. I recorded a total 
of 451 trees containing nests during the 2017 survey and 678 trees recorded along transects 
during the same period that did not contain nests.  In Figures 10 and 11, the category Unknown is 
used to classify plants whose scientific or local names could not be identified due to lack of 
vegetation, burnt bark, or simply the remains of a stump. In Figure 11 the category Other is used 
to classify plants that could be identified by the local name but whose scientific name could not 
be determined. 
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Figure 10: The number of nests per woody plant genus recorded during the reconnaissance walks and the percentage that each of 
these contributed to the total nests. 
 
Figure 11: The total number of trees per genus recorded on the transects using PCQ methods and their corresponding percentage to 
all the trees found on the transect. 
 
 53  
  
    
 
 
In 2017, the genus Pterocarpus contained significantly more nests than any other genus 
(p<0.0001, SE=0.0561656, Estimate=5.7589018) (Figure 10), and P. erinaceus was the only 
species used for nesting, despite the availability of other Pterocarpus species. The 193 trees of 
this species contained 317 nests, comprising more than 44% of the total number of nests found in 
2017. The genus Combretum was the most common genus recorded along the transects in 2017. 
It made up over 30% of the total number of woody plants found on the transects (n=221, Figure 
11).  
 
 
 
 
Figure 12:  The top five preferred and available plant species.  
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 The availability of plant species was determined by the number of individual plants 
recorded per species along the transect (Table 8). Preference for a species and size to nest in was 
determined by comparing the number of nests in each species and size with their availability 
(Table 8). There is a preference for the genus Pterocarpus (Table 8, Figure 10, Figure 12), 
although the genus Combretum is significantly more common (p<0.0001, SE=0.0672673, 
Estimate=5.3981627) (Table 8, Figure 11, Figure 12). 
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Figure 13: The number of trees with nests, transect trees, and nests found within each DBH 
range (cm). 
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Chimpanzees also show a preference for size, choosing more trees with a DBH in the 26-
38cm category (Table 10, Figure 13). During the reconnaissance walks, there were 113 trees 
recorded with a DBH in this range, and 186 nests found in trees of this size. However, of the 678 
trees sampled on transects, only 26 fell in this range, while over 80% (n=562) were smaller, with 
a DBH of 0-12cm.  
Anthropogenic Disturbances 
 Anthropogenic disturbances were recorded along the transect and classified as either 
“direct” or “indirect” depending on whether or not there was evidence of human products, e.g. a 
car, at the site. There were more than 1,500 disturbances recorded, with most of these related to 
habitat destruction. Most of the instances recorded appear to be along the edges of the core 
nesting area (Figure 14). Some local people were encountered during the surveys, most of whom 
were on their way to or from work, which is likely involved with artisanal mining.  
 
 
 
 
 
 
 
 
 
 Figure 14: A heat map of the densest areas with disturbances and nests in 2017 
ranked on a scale of 1-10, with 10 being the highest density. 
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Nests in 2017 overlap with disturbances, especially in the western half of the range 
(Figure 14). Most disturbances occur at the southern edge of the habitat range, with fewer points 
existing in the main portion of the range. The age of these disturbances is unknown, so some of 
them may have been present in previous years. Similar to the nests, there were disturbances that 
appeared east of the Gambia River, presumably due to a recording error in the GPS. 
 
 
 
 
 
Figure 15: Map of locations that show direct human disturbances. 
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Many locations showed direct evidence of human presence and disturbance (Figure 15). 
In this study, direct evidence of human presence includes the introduction of non-natural items 
into the environment. This includes items such as those listed in the legend (Figure 15), which 
could not have entered the environment without the aid of humans. People not involved in the 
project were often spotted in the area, usually accompanying one or more of these items, such as 
a vehicle or camp, although occasionally they were spotted simply walking through the area. 
Indirect evidence of human disturbances, such as those seen in Figure 16, include some 
type of habitat alteration. These alterations were the result of human presence; however, they did 
Figure 16: Map of locations showing indirect human disturbances. 
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not involve the introduction of new or unnatural products to the environment. Although there are 
fewer forms, these alterations were the most prevalent type of disturbance. In some cases, there 
were signs of habitat restoration or regeneration, with farm fields regenerating to their original 
habitat and pruned or cut trees sprouting new growth. 
 
 
 
Disturbance 
Type 
Definition Number of 
Instances 
Observed 
Percentage of 
Disturbance 
Bamboo 
Workshop 
An area where cut bamboo shoots are stripped in order 
to weave fences or other materials, often in a bamboo 
woodland habitat 
9 0.5863 
Camp A small shelter(s) that can easily be taken down and set 
up, often consisting of tarps and fabric; seen being used 
by cattle and goat herders 
12 0.7818 
Charcoal Kiln A circular area used to burn wood in order to produce 
charcoal 
 
8 0.5212 
Cut A tree that has been felled for some use, such as 
supporting walls in a mine or use in a village, leaving 
only a stump behind 
684 44.5603 
 
 
 
 
Table 3: The total number of locations each disturbance was observed, and the percentage of 
each disturbance.  
 
. 
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Table 3 (continued) 
 
Disturbance 
Type 
Definition Number of 
Instances 
Observed 
Percentage of 
Disturbance 
Farm Shelter A small, wooden shelter often with a grass roof and no 
walls, used to protect oneself from the sun or rain while 
farming 
1 0.0651 
Field An area of habitat cleared for the use of farming 12 0.7817 
Gold Marker A barrel-like object used to mark a gold deposit 2 0.1303 
Helicopter Vehicle used by BBC to record aerial images for an 
upcoming film  
2 0.1303 
Highway Paved road connecting towns and villages, edge of the 
western range 
4 0.2606 
Mine An area used for mineral extraction 9 0.5863 
Path Dirt or gravel surface through the habitats, wide enough 
for people to walk, and possibly ride a bicycle, but not 
large enough for a motorized vehicle 
62 4.0391 
People At least one person viewed without any other 
disturbance type 
19 1.2378 
Prune The cutting of branches from a plant, often done by 
herders for browse for their animals, but leaving the 
trunk standing with other branches attached 
638 41.5635 
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Table 3 (continued) 
Disturbance 
Type 
Definition Number of 
Instances 
Observed 
Percentage of 
Disturbance 
Road Dirt or gravel surface through the habitats, wide enough 
for a motorized vehicle, such as a motorcycle or 
car/pickup truck 
28 1.8241 
Shotgun Shell Ammunition used to hunt 6 0.3909 
Tower A tall structure designed to improve communications, 
used for either radio or cellular phones 
4 0.2606 
Vehicle A means by which people moved between locations, 
both motorized, such as a motorcycle or car, and self-
propelled, like a bicycle 
26 1.6938 
Village A permanent settlement, consisting of at least one 
family, and solid structures that cannot be easily taken 
down or moved 
5 0.3257 
Water Pump A structure in the river used for mining 4 0.2606 
Total  1535 100 
 
Each disturbance in Table 3 was defined based on observations made during the research 
period. The indirect, environmental disturbances were the most common, specifically “cut” and 
“prune,” which, when combined, make up over 80% of all disturbances (Table 3). Both of these 
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were significantly (cut: p<0.0001, SE=0.0540738, Estimate= 5.8348197; prune: p<0.001, 
SE=0.0559893, Estimate= 5.7651911) more common than any other disturbance, but not 
significantly different from one another. Some disturbances were recorded based on sound rather 
than visual confirmation. For example, vehicles may have been heard driving by, but they may 
not have been seen. Also, since transects were surveyed twice, some disturbances may have been 
recorded more than once, but data was carefully reviewed upon completion of the study to 
eliminate as many duplicated points as possible.  
 
 
Transect 1 2 3 4 5 6 7 
Disturbance Type # % # % # % # % # % # % # % 
Bamboo Workshop 5 4 0 0 2 4 0 0 1 1 0 0 1 4 
Camp 0 0 2 1 0 0 2 3 2 3 1 0 0 0 
Charcoal Kiln 1 1 3 2 0 0 0 0 1 1 2 0 0 0 
Cut 64 46 71 50 26 52 21 36 36 48 258 43 8 33 
Farm Shelter 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
Field 6 4 3 2 0 0 1 2 0 0 0 0 1 4 
Gold Marker 1 1 0 0 0 0 0 0 0 0 1 0 0 0 
Helicopter 2 1 0 0 0 0 0 0 0 0 0 0 0 0 
Highway 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Mine 1 1 2 1 0 0 3 5 0 0 0 0 0 0 
Path 11 8 11 8 4 8 3 5 2 3 8 1 4 17 
People 3 2 5 4 0 0 3 5 1 1 2 0 0 0 
Prune 27 20 32 23 12 24 19 33 27 36 324 54 7 29 
Road 7 5 3 2 3 6 4 7 1 1 2 0 1 4 
Shotgun Shell 1 1 1 1 0 0 0 0 0 0 0 0 1 4 
Tower 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Vehicle 6 4 5 4 2 4 2 3 3 4 3 0 1 4 
Village 1 1 1 1 0 0 0 0 0 0 1 0 0 0 
Water Pump 1 1 0 0 1 2 0 0 1 1 0 0 0 0 
Total 138 100 141 100 50 100 58 100 75 100 602 100 24 100 
Table 4: The number and percentage of each disturbance on each transect. 
    
 
    
6
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Table 4 (continued) 
Number and Percentage of Each Disturbance on Each Transect 
Transect  8  9 10 11 12 13 
Disturbance Type # % # % # % # % # % # % 
Bamboo Workshop 0 0 0 0 0 0 0 0 0 0 0 0 
Camp 1 1 2 3 0 0 1 0 1 4 0 0 
Charcoal Kiln 0 0 0 0 0 0 0 0 1 4 0 0 
Cut 46 51 36 58 13 45 84 40 11 39 10 36 
Farm Shelter 0 0 0 0 0 0 0 0 0 0 0 0 
Field 0 0 0 0 0 0 1 0 0 0 0 0 
Gold Marker 0 0 0 0 0 0 0 0 0 0 0 0 
Helicopter 0 0 0 0 0 0 0 0 0 0 0 0 
Highway 0 0 0 0 2 7 0 0 1 4 0 0 
Mine 1 1 1 2 0 0 0 0 1 4 0 0 
Path 2 2 6 10 2 7 1 0 0 0 8 29 
People 0 0 2 3 2 7 1 0 0 0 0 0 
Prune 36 40 11 18 6 21 119 57 11 39 7 25 
Road 1 1 1 2 2 7 2 1 0 0 1 4 
Shotgun Shell 1 1 0 0 0 0 1 0 1 4 0 0 
Tower 1 1 1 2 0 0 0 0 1 4 0 0 
Vehicle 0 0 1 2 2 7 0 0 0 0 1 4 
Village 1 1 1 2 0 0 0 0 0 0 0 0 
Water Pump 0 0 0 0 0 0 0 0 0 0 1 4 
Total 90 100 62 100 29 100 210 100 28 100 28 100 
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 All of the transects were dominated by the cut or prune disturbances (Table 4). Transect 6 
accounted for 44% of the total of these two disturbances, followed by transect 11 at 15%. Cut 
trees made up at least 30% of all disturbances on every transect, with pruned trees making up at 
least 20% of all disturbances on each transect except for transect 9 in which it makes up 18% of 
all disturbances (Table 4). Bamboo workshops were only found on transects 1, 3, 5, and 7 which 
are found near the river, and they make up less than five percent of each of those transects (Table 
4, Figure 16). Fields were found on transects 1, 2, 4, 7, and 11, and made up less than five 
percent of each of these transects (Table 4, Figure 16). Mines were found on transects 1, 2, 4, 8, 
9, and 12 also contributing five percent or less to these transects (Table 4, Figure 15). Water 
pumps were also found on transects 1, 3, 5, and 13 near the river, making up less than five 
percent of those transects (Table 4, Figure 15). Gold markers were only found on transects 1 and 
6 and made up less than one percent of each of those transects (Table 4, Figure 15).  
 
 
Genus Number 
Plants 
Pruned 
Number 
Plants Cut 
Total 
Number 
Affected 
Average 
DBH 
(cm) 
Percentage 
of the 
Genus 
Pruned 
Percentage 
of the 
Genus Cut 
Percentage 
of All 
Damaged 
Trees 
Acacia 144 42 186 10.8 77.419 22.5806 14.0696 
Afzelia 0 1 1 9.8 0 100 0.0756 
Anogeissus 4 11 15 21.7 26.6667 73.3333 1.1346 
Table 5: The total number and average DBH of each genus that sustained damage, the 
percentage of each genus that was either cut or pruned, and the overall percent of damage for 
each genus.  
 
. 
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Table 5 (continued) 
Genus Number 
Plants 
Pruned 
Number 
Plants Cut 
Total 
Number 
Affected 
Average 
DBH 
(cm) 
Percentage 
of the 
Genus 
Pruned 
Percentage 
of the 
Genus Cut 
Percentage 
of All 
Damaged 
Trees 
Bombax 8 16 24 20.3 33.3333 66.6667 1.8154 
Cadaba 2 0 2 N/A 100 0 0.1513 
Combretum 16 12 28 6.7 57.1429 42.8571 2.1180 
Cordyla 3 9 12 20.1 25 75 0.9077 
Crossopterix 4 1 5 N/A 80 20 0.3782 
Diospyros 3 6 9 16.2 33.3333 66.6667 0.6808 
Gardenia 0 1 1 N/A 0 100 0.0756 
Grewia 1 2 3 N/A 33.3333 66.6667 0.2269 
Hannoa 0 2 2 N/A 0 100 0.1513 
Hexalobus 20 15 35 19.6 57.1429 42.8571 2.6475 
Hymenocardia 2 5 7 N/A 28.5714 71.4286 0.5295 
Khaya 40 9 49 12.0 81.6327 18.3673 3.7065 
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Table 5 (continued) 
Genus Number 
Plants 
Pruned 
Number 
Plants Cut 
Total 
Number 
Affected 
Average 
DBH 
(cm) 
Percentage 
of the 
Genus 
Pruned 
Percentage 
of the 
Genus Cut 
Percentage 
of All 
Damaged 
Trees 
Lannea 6 5 11 43.4 54.5455 45.4545 0.8321 
Other 4 6 10 12.3 40 60 0.7564 
Piliostigma 8 9 17 21.5 47.0588 52.9412 1.2859 
Pterocarpus 213 141 354 18.7 60.1695 39.8305 26.7776 
Spondias 0 1 1 22.6 0 100 0.0756 
Strychnos 9 10 19 14.2 47.3684 52.6316 1.4372 
Tamarindus 3 0 3 N/A 100 0 0.2269 
Terminala 15 16 31 17.8 48.3871 51.6129 2.3449 
Unknown 129 363 492 17.6 26.2195 73.7805 37.2163 
Vitex 0 1 1 N/A 0 100 0.0756 
Vitellaria 4 0 4 N/A 100 0 0.3026 
Total 638 684 1322 18.0 48.2602 51.7398 100 
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Note: Cells marked “N/A” indicate that there were trees found and recorded, but measurements were not taken; the 
row titled “Other” contains trees whose local names were recorded, but the scientific names were unable to be 
determined. 
  
There were 1,322 trees damaged, with the majority (51.7%) being cut (Table 5). The 
genera Pterocarpus (n=354), Acacia (n=186), and Unknown (n=492) were more significantly 
(p<0.0001, SE=0.0529999, Estimate= 5.8749307; p<0.0001, SE=0.0755929, Estimate= 
5.164786; p<0.0001, SE=0.0745356, Estimate=5.1929569 respectively) affected than any other 
genus and consisted of over 70% of all affected trees. The category Unknown represents trees 
that were either cut and had no foliage remaining, or that were burned in a fire, preventing the 
ability to identify it based on its bark or leaves. The genera Hexalobus, Khaya, and Terminala 
were also significantly more affected (p<0.0001, SE=0.1690309, Estimate=3.5553481; 
p<0.0001, SE=0.1428571, Estimate=3.8918203; p<0.0001, SE=0.1796053, 
Estimate=3.4339872) than the remaining genera; however, they were not as damaged as those 
previously mentioned. The average DBH for all damaged trees was 18.4cm (Table 5). 
 
Habitat 
 The type of habitat was recorded every time a nest was found, every 100 meters during 
the transects when vegetation data were recorded, any time a disturbance was encountered, or 
any time the habitat changed on the “outlying transects.” This lead to a dataset containing 1,404 
different locations, each with a specific habitat. There are seven main types of habitat that can be 
found on their own or in some combination of two or more habitats, such as a plateau/woodland 
habitat, where there is a narrow-leafed savannah with sporadic, drought-deciduous woody trees. 
During this study there was a total of 23 habitat types and combinations recorded. For an area to 
be classified as a specific habitat, it needed to extend for at least 10 meters in diameter. There 
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were instances where this was not the case and data were recorded on the edge of two or more 
separate habitat types, thus being classified as an “edge.” 
 
  
Figure 17: The location and classification of each habitat type in 2017. 
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There was a total of 23 different habitats encountered, most of which contained woody 
vegetation (Figure 17). The “woodland” habitat was encountered significantly more often than 
any other habitat (p<0.0001, SE=0.0357828, Estimate=6.660571), being recorded more than 
55% of the time (Table 9). The “gallery forest” and “woodland/shrubland” were the next most 
frequently encountered habitats at 12% and 8%, respectively (Table 9). These data do not 
suggest that these habitats are the most available, as the area of each was not recorded, but that 
these were the ones encountered most often during the 2017 survey.  
 
Tools 
Chimpanzees use tools occasionally for various purposes, such as obtaining food (Bogart 
& Pruetz, 2008; Pruetz & Bertolani, 2007; McGrew et al., 1979). Tools were opportunistically 
recorded in 2017 to indirectly document some of the chimpanzee’s behaviors. Tools were found 
at five locations and recorded throughout the Bantan range. All the tools found here are ones that 
the Fongoli chimpanzee community also uses. Most of the tools were made from woody plants, 
with the exception of a few termite tools which appeared to be made from grass.  
Five opportunistically selected sites were found to contain multiple tools, including 
termite fishing tools, ant-dipping tools, and spears. The ant-dipping tools, spears, and one of the 
mounds with termite tools were found near each other in the western part of the survey area, 
compared to the two termite fishing sites found farther to the east (Figure 18). The average 
length for the termite tools was 31.1cm (n=143), compared to the average length for the ant-
dipping tools (50.2cm) (n=2), and the spears (98.5cm) (n=2). All of the recorded tools were 
found on the eastern edge of the nests found in 2017 (Figure 18). 
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Video Analysis 
Three SpyPoint HD-7 camera traps were placed at various locations that showed 
evidence of chimpanzees. The cameras were in place for one month and recorded multiple 
animals in the area. Other animals were periodically seen during the surveys as well and included 
various species of snake, patas monkeys (Erythrocebus patas), and a jackal (Canis adustus). 
 
 
 
 
Figure 18: The locations of five tool sites in relation to the location of all nests recorded since 
2000. 
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Three cameras were placed in the field (Figure 19), but one camera failed, and the data 
were not retrievable. One camera was placed near a termite mound, another near a large tree with 
smooth buttress roots, and a third in a cave. The cameras by the termite mound and the buttress 
roots remained untouched and videos were collected from them. The camera in the cave, 
however, was not found in the same position as when it was set. This camera had been placed 
under an overhang from a protruding rock and a smaller rock placed in front of it to prop it up. 
At the date of collection, the small rock in front had been moved, the camera was pulled out from 
underneath the overhang, and it was lying on its back with the camera lens facing towards the 
Figure 19: The locations of the three camera traps in relation to the nests found in 2017. 
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sky. Water rushed out of the metal lock-box when it was picked up and opened, and more came 
out of the plastic security case containing the camera. The SD card was brought to a camera shop 
in Des Moines, Iowa, but was deemed too damaged to recover any data.  
 There were 120 videos recorded from the remaining two cameras, some of which were 
recordings of the setup and collection. There were 29 videos that recorded animal movement. 
The camera near the termite mound collected more than half of the videos (termite mound: n=73; 
buttress root: n=25). Some of the animals in the videos were not identified due to the fact that 
they either moved too quickly through the video or they were too close to the camera lens. Most 
of the videos were of leaves blowing on nearby plants. This may have triggered the cameras, 
causing them to start recording, or there could have been an animal or person that walked in front 
of the camera, triggering it, but disappeared before the one-minute delay was over and the 
camera started recording.  
The cameras were set to record videos after a one-minute delay, which was the time 
between when movement was detected by the camera and when the recording actually started. 
Because of this delay, it is possible that the camera was triggered by an animal, possibly a 
chimpanzee, but it had moved out of range of the lens before the recording began. The lens was 
also sensitive to movement, so even a slight breeze rustling leaves or a few rain drops within 
view of the camera triggered it so it began recording. This is not uncommon during this time of 
the year when winds and rain are more common and can produce undesired images or recordings 
(Boyer-Ontl & Pruetz, 2014). 
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Species Common Name Location Comments 
Genatta genatta Genet Camera 1 (buttress 
root) 
Recorded at night 
Tragelaphus scriptus Bushbuck Camera 1 (buttress 
root) 
Recorded at night, female 
Phacochoerus africanus Warthog Camera 1 (buttress 
root) 
Two females recorded  
Papio papio Baboon Camera 2 (termite 
mound) 
Troop of at least eight baboons, 
mostly adults, possibly some 
juveniles or infants 
Erythrocebus patas Patas monkey Camera 2 (termite 
mound) 
Single female  
Heliosciurus gambianus Gambian sun squirrel Camera 2 (termite 
mound) 
Close to lens, difficult to identify  
Chlorocebus 
pygerythrus 
Vervet Camera 2 (termite 
mound) 
Eight individuals at different 
times, at least one infant which 
was carried by a female 
Table 6: The species recorded from two camera traps. 
 
. 
F 
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There were seven animal species recorded on the two working camera traps during this 
period (Table 6). Chimpanzees were not recorded; however, they may have been in the area and 
out of line of the lens, or they may have passed by the camera, triggering it but moved out of 
range before it started recording. The baboons were the only animals to remain in front of the 
camera for more than a few seconds, but most of the animals were still in view long enough to 
identify their species and sex. 
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CHAPTER 5: DISCUSSION AND CONCLUSION 
Bantan Community 
Chimpanzees in Senegal are at the northernmost edge of the species’ distribution and are 
under ecological pressures stemming from heat and water shortages seasonally (Boyer-Ontl & 
Pruetz, 2014). Additionally, in each of the countries of Senegal, Guinea-Bissau, and Ghana there 
are likely fewer than 1,000 remaining (Butynski, 2003; Kormos & Bakarr, 2003). There are 26 
protected areas within the western chimpanzee’s range, covering an area of 41,655km2, or only 
6.6% of the natural range (Kormos & Bakarr, 2003). In Senegal, there is only one nationally 
protected area which contains a community of chimpanzees (Kormos & Bakarr, 2003). The 
Bantan chimpanzee community, outside of officially protected areas, has not been studied 
thoroughly before, so little is known about its demographics or home range. The estimated size 
of the Bantan home range is roughly 48.5 km2, based on the areas surveyed during my time in 
Senegal (Figure 8).  The minimum convex polygon feature in ArcGIS 10.4.1 allowed me to 
estimate the size of the range based on where nests were.  
 Chimpanzees in Senegal are limited to the southeastern portion of the country, with an 
estimated 200-400 individuals living there (Carter et al., 2003; Kormos & Bakarr, 2003). The 
Fongoli chimpanzees are more cohesive than other West African chimpanzee communities, with 
an average party size of 15 individuals, although this increases to an average of 17.7 individuals 
during the wet season (Pruetz & Bertaloni, 2009). Fongoli community size is 34 individuals, and 
the party size has been observed to make up roughly 50% of that (Pruetz & Bertolani, 2009; 
Boyer, 2011). Due to the similarities of the habitat and resources available in the Bantan range, 
and the previously estimated small size of the community, I believe that these chimpanzees may 
show a similar pattern regrading community size as the Fongoli chimpanzees. This pattern would 
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give an estimate of 9-18 individuals at Bantan. Party sizes tend to average between 9-21% of the 
total community size (Boesch, 1996). However, some sites show that party sizes can be at least 
60% of the total community size based on observations from sites in Central Africa (Boesch, 
1996; Baldwin et al., 1982; Pruetz et al., 2002). Estimates of chimpanzee densities are typically 
calculated based on the number of fresh nests found in the area (Carter et al., 2003). These 
figures can be used to extrapolate about the Bantan chimpanzee community and contribute to the 
estimated population of chimpanzees in Senegal. 
Fresh nests are used to estimate the minimum number of chimpanzees nesting together. 
Fresh nests are used rather than old nests to avoid incorrect estimation of the community due to 
the decay of nests (Kouakou et al., 2009). Fresh nests still have green vegetation, and often have 
feces or urine within or beneath the nest (Boyer, 2011). They also show a more accurate 
production rate, thus increasing the accuracy of the estimation (Kouakou et al., 2009). Nests 
decay and the rate of decay depends on the nesting tree species, rainfall, nest age, and height of 
the nest (Kouakou et al., 2009), which makes it harder to get an accurate estimation of the 
number of chimpanzees. During this study, fresh nests were not frequently seen, accounting for 
only three percent (22 individual nests) of the total number of nests (Table 7). If I were to 
include the nests that were bordering between fresh and recent, this still accounts for less than 
four percent of the total number of nests (28 out of 719 nests). If the Bantan chimpanzees follow 
a pattern similar to other sites, then the party size is estimated to be roughly 60% of the total 
community size, or approximately 15 individuals based on the number of fresh nests found in 
one day. This corresponds to the estimates provided by FSCP researchers after repeated but 
sporadic contacts of the course of several years (M. Sadiakho, personal communication, 2017). 
In 2017, three individuals were spotted briefly on the first day a few kilometers from camp. They 
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disappeared almost immediately, preventing any data regarding demographics to be taken. 
Vocalizations were periodically heard throughout the remainder of the study period.  
 
Nesting Patterns and Preferences 
 This study compared nests found in the summer of 2017 with those found in previous 
years. There is a westward trend in locations where nests were recorded since 2000 (Figure 7a). 
It could also be argued that many of the nests showed a pattern of movement towards the north 
as well, although that is less clear as the nests are widely distributed. There were also many more 
nests found during this study than any previous year which provides a greater image of the range 
and the nesting habits of this group.  
This region contains some mountains, which may serve as a possible protective barrier for 
the chimpanzees (Carter et al., 2003). At another site, the community has been known to cross 
the Gambia river during the dry season (Carter et al., 2003). If this pattern of moving west 
continues, the group will come into contact with the highway. I believe this could serve as a 
potential barrier for further movement, as well as increase contact with humans. Human presence 
in the area is noticeable and is growing with the increase in the human population. Based on the 
location of this community, I do not see any place they could move as people continue to 
encroach on their territory. To the north there is a large village and mine; to the east is the 
Gambia River, which they could cross during the dry season, but chimpanzees usually are not 
fond of water; there is another community to the south, which would cause aggression between 
the two if they came in contact; and to the west there is a major road with mountains and 
possibly more chimpanzee communities. This community appears to be essentially trapped in its 
current range which continues to be affected by the presence of humans.  
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 Chimpanzees build nests by creating a foundation of branches or forks, bending and 
weaving branches together in a circular fashion (Fruth & Hohman, 1996; Humle, 2003). They do 
not hesitate to use multiple neighboring trees when they are close (Humle, 2003), which was 
occasionally seen at Bantan. There was a total of 13 nests found in one tree at this site, the 
previous record for the largest number of nests found in a single tree was 10, found at Gombe in 
Tanzania (Humle, 2003). However, these nests were old and could not be used for estimations of 
the community size. 
 There is evidence to suggest that chimpanzees have a preference for the nesting materials 
they use and the height at which they build their nests (Humle, 2003; Ndiaye et al., 2013a; Badji 
et al., 2017). This was seen at Bantan, where over 40% of the nests were constructed in the 
species Pterocarpus erinaceus, with Parkia biglobosa having the next highest concentration of 
nests (9%) (Figure 10, Figure 12). This was not expected based on the availability of these two 
species (Figure 11, Figure 12). These two species were also found to have the highest nest 
concentrations in another study done in the Kedougou region and in Guinea, a neighboring 
country of Senegal also containing this species of chimpanzee (Ndiaye et al., 2013b; Humle, 
2003). These preferences could vary by population and community depending on the habitat 
structure, resource availability and distribution, levels of predation, and human disturbances 
(Humle, 2003).  
 The presence of nearly half the nests being built in Pterocarpus erinaceus is consistent 
with a study conducted previously in this region, where approximately 25% of the nests found 
were also built in the same species (Ndiaye et al., 2013a). This tree species is also becoming 
harder to find outside of national parks (Ndiaye et al., 2013a). Pterocarpus erinaceus is strong 
and highly resistant to the weather which is why it is often chosen to help construct the mines 
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(Doucouré, 2014). This was one of the main species found to be either pruned or cut (Table 5). 
Chimpanzees at sites in Tanzania also build their nests more in a Pterocarpus species than 
expected based on the species’ availability (Ndiaye et al., 2013a). If the pattern of targeting 
P.erinaceus for human use continues, there will be even fewer trees available for nesting. Some 
authors suggest that nest building in the tree Elaeis guineensis is typical behavior for 
chimpanzees in West Africa where there is a degraded savanna forest and a canopy that is not 
closed (Ndiaye et al., 2013a). In this study, however, there were no nests found in any Elaeis 
species. 
 A total of 451 trees containing nests were recorded during this study, with 719 arboreal 
nests, compared to 1,790 arboreal nests and 834 trees found from Ndiaye et al., (2013) (Table 8). 
Similar to Ndiaye et al., (2013), the species Pterocarpus erinaceus, Parkia biglobosa, 
Anogeissus leiocarpus, and Cola cordifolia were utilized more for nesting than their availability 
would suggest (Figure 10, Figure 11, Figure 12). Others, like the genus Combretum was more 
available but were not utilized much (Figure 10, Figure 11, Figure 12). I expect Combretum was 
not utilized for nesting much because some of the species appear more shrub-like and more 
common in open habitats (personal observation, 2017). Certain species provide food and are 
therefore thought to be preferred, however, that may not be the case (Ndiaye et al., 2013a). 
Rather, the hardness of the wood seems to be associated with the chimpanzee’s preference 
(Ndiaye et al., 2013a). The hardness of the wood also seems to be why, in Uganda, some tree 
species are targeted by humans for creating wood products (Ndiaye et al., 2013a). This suggests 
that the hardness, or softness, of the wood could be a criterion when choosing a tree to nest in 
(Ndiaye et al., 2013a).   
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 In Senegal, nests tend to be built higher, in larger groups, in trees with a larger 
circumference, and there tends to be more nests per tree than in other countries, such as 
Equatorial Guinea (Baldwin et al., 1981). The majority of nests discovered by Baldwin et al., 
(1981) in Senegal, show chimpanzees building nests in trees with a circumference of 41-160 
centimeters, with nearly half of those being in a narrower range of 81-120 centimeters (Baldwin 
et al., 1981). This pattern also appeared in this study, where nearly 75% of the measured trees 
with nests had a circumference of 0-120 centimeters (DBH of 0-38.2 centimeters) (Figure 13, 
Table 10). More than half of these were also in the 81-120 centimeter circumference (DBH of 
26-38.2 centimeters) (Figure 13, Table 10). The species Pterocarpus erinaceus, in this study, had 
an average DBH of 32.9, which falls in this range. This is also the most accurate measurement 
for all the species recorded containing nests as it was the most frequent. Other species had as few 
as one recording with a nest, making the average size for this species less accurate.  
 Differences in nest building may be attributed to environmental factors, such as 
seasonality or variation in vegetation within the range (Baldwin et al., 1981). Differences in nest 
building may also be a result of learning within the community (Baldwin et al., 1981). All apes 
beyond infancy build nests, but the process of learning how to build one begins in infancy 
(Baldwin et al., 1981). An infant will sleep with its mother on average for 5.5 years, giving it the 
opportunity to watch its mother and learn from her daily (Baldwin et al., 1981).  
 
Anthropogenic Disturbances 
 West Africa has some of the highest human populations on the continent (Kormos & 
Bakarr, 2003).  In 2002, Senegal had an estimated human population of 10.5 million, and 54 
people per square kilometer (Kormos & Bakarr, 2003). Roughly half (52%) of the Senegalese 
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people live in rural communities, compared to 48% that live in urban areas (Kormos & Bakarr, 
2003). All of the countries in West Africa, with the exception of Ghana, are in the lowest 25% of 
the United Nations Human Development Index, with seven of those being in the lowest 10% 
(Kormos & Bakarr, 2003). Senegal has one of the highest GDPs in the area (479 US$), behind 
only Côte d’Ivoire (637 US$) (Kormos & Bakarr, 2003). Artisanal mining contributes to the 
local economy through the production of goods and services (Hruschka & Echavarria, 2011).
 Unchecked habitat destruction and fragmentation, along with competition with humans 
for food and water sources in the area are threatening the already endangered chimpanzees 
(Carter et al., 2003). Habitat destruction, such as pruning or cutting down trees was observed 
most often, although there were more types of disturbances that were not destructive to the 
habitat. Prune and cut made up more than 50% of all disturbances on each transect (Table 4), 
indicating that it is the most wide-spread disturbance in the range. When prune and cut are 
combined with bamboo workshop and field, between 60%-97% of the disturbances on each 
transect are habitat disturbances (Table 4). Much of the damage to the environment is a result of 
the pastoralists who use the plants to feed their livestock (Doucouré, 2014).  All of the 
disturbances directly related to mining include the mines, water pumps, and gold markers. At 
least one of these was found on seven different transects, but, when combined, they only 
consisted of a maximum of five percent of the total disturbances on each transect (Table 4). This 
indicates that habitat destruction is a greater threat to the chimpanzees than mining.  
Most of the disturbances appear to be along the southern edge of the range (Figure 14). 
This may appear to be a good thing because it will not interfere much with the community; 
however, the Fongoli community is directly south of the Bantan community. The two ranges 
may overlap in this region, meaning both communities may be affected by these disturbances. 
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Most of the direct disturbances were found in the south, whereas the indirect disturbances were 
spread out more throughout the range (Figure 15, Figure 16). There does not seem to be any 
avoidance behaviors seen in the nesting patterns with regards to mining (Figure 21). However, 
based on Figure 22, most nests found in 2017 lie between the areas with the heaviest habitat 
disturbances. This could suggest that the chimpanzees are avoiding areas with heavy habitat 
disturbances, specifically pruned or cut trees.  
 Humans and chimpanzees consume some of the same resources including water, honey, 
and the fruits from the plants Saba senegalensis, Parkia biglobosa, Tamarindus indica, 
Adansonia digitata and Vitex doniana (Waller & Pruetz, 2016; Hockings 2009; Carter et al., 
2003; van der Meer, 2014). All of these species, except for Vitex doniana, were encountered 
during this study. The species Vitex madiensis was encountered though, and it also produces fruit 
eaten by chimpanzees (Pruetz, 2006). All of those species encountered during this project, with 
the exception of Saba senegalensis, contained nests. Some of these trees were also found to be 
damaged, either cut or pruned, by humans.  
 Harvesting fruits and other plant matter can affect the density and diversity of animals 
that rely on those plants (Waller & Pruetz, 2016). Chimpanzees are forced to compete with 
humans for plant resources, like the fruit Saba senegalensis, and other resources like water 
(Waller & Pruetz, 2016; Carter et al. 2003). The increased harvest by humans and competition 
can cause chimpanzees to move from their range into new territories in search of food, which 
results in conflict with neighboring communities (Waller & Pruetz, 2016).  
In Senegal, and West Africa, Pterocarpus erinaceus is commonly targeted for fuel, 
woodworking, and medicinal purposes (Ndiaye et al., 2013a). Pruning is also a serious threat to 
this tree species, contributing to its decline and disappearance (Ndiaye et al., 2013a). This was 
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commonly seen throughout the study, as this was one of the most damaged plant species. 
Regrowth on these trees is low, thus affecting regeneration (Ndiaye et al., 2013a). In Senegal, 
this tree was targeted so much that it became extremely rare and companies had to stop 
exploiting it (Ndiaye et al., 2013a). Despite this, the IUCN Red List does not include this species 
(Ndiaye et al., 2013a; IUCN, 2017).  
 
Habitat Preferences, Availability, and Disturbances  
 Chimpanzees can be selective when choosing a nesting site (Humle, 2003). Most nesting 
studies show that chimpanzee nests accumulate in certain areas depending on the type of forest, 
and the area’s proximity to food and water (Humle., 2003). The availability of habitat also seems 
to influence the choice of nesting site, although some habitats are preferred over others (Humle, 
2003). Gallery forests and dry forests in Guinea were both found to each contain 40% of the 
nests, despite the fact that gallery forests only cover roughly six percent of the area compared to 
27% of dry forests (Humle, 2003). 
Terrestrial ecosystems in West Africa are primarily determined by rainfall gradients, with 
the south and west being wetter, and the north and east becoming progressively drier (Kormos & 
Bakarr, 2003). The region becomes drier inland, eventually transitioning into savanna woodlands 
with a variety of cover from the tree canopy (Kormos & Bakarr, 2003). Senegal has a relatively 
flat terrain, rising to only 50m above sea level at the highest point (Carter et al., 2003). The 
amount of rainfall in Senegal is related to the distribution of the country’s habitats (Carter et al., 
2003). 
Pruetz’s Fongoli site in southeastern Senegal is a mosaic of woodland-savanna habitat 
with small areas of riverine gallery forest and larger areas of laterite plateau mixed in (Pruetz & 
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Herzog, 2017; Waller & Pruetz, 2016). At Fongoli, only 8% of nests were recorded in gallery 
forests, whereas 65% of nests were found in woodland habitats, or a woodland/grassland habitat 
(23%) (Pruetz et al., 2008). Most nests in 2017 were located in a woodland habitat, which was 
expected since woodland, or a combination of woodland and another habitat, were the most 
common habitat types (Table 9). Gallery forest was also common in the range, although it was 
difficult to classify as the rivers were dry so the classification of the habitat as a riverine forest 
was unclear. 
 Human presence in West Africa may influence nesting behaviors in chimpanzees 
(Humle, 2003). This could potentially put the chimpanzees at risk of predation since they are 
forced to nest in an area that may not provide much protection (Humle, 2003). The chimpanzees 
living in a protected area, such as Niokolo Koba National Park, prefer riverine forest habitats for 
nesting, but those outside the park do not seem to prefer this (Humle, 2003; Pruetz et al., 2002) 
Humans tend to live near water sources, possibly deterring chimpanzees from living there (Carter 
et al., 2003). Habitat degradation and competition for resources is the greatest threat to 
chimpanzees currently (Carter et al., 2003; Boyer-Ontl & Pruetz, 2014).  
   
Tools and Videos 
 Most of the tools made by chimpanzees are used in a feeding context (Pruetz & Bertolani, 
2007; Humle, 2003). All of the tools found and recorded at Bantan were used, in some way, for 
feeding. Tools were opportunistically recorded to understand some of the behaviors exhibited by 
this unhabituated community. Chimpanzees at other sites will dip for ants using sticks and stalks 
(Pruetz & Bertolani, 2007). Nearly 150 tools in total were randomly recorded from the Bantan 
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range. The discovery of spears at this site indicates that hunting for galagoes occurs in 
communities outside of the Fongoli community. 
  Camera traps are one example of technology that is being used to study unhabituated 
primate groups (Boyer-Ontl & Pruetz, 2014). Three cameras were placed around the Bantan area 
in hopes of recording videos which would provide information about the group’s demographics 
and behaviors (Boyer-Ontl & Pruetz, 2014). Of the three camera traps that were set up, only two 
were recovered in working condition and were able to have the videos extracted. Neither of these 
cameras recorded chimpanzees, but other animals were seen. None of the animal species that 
were identified are classified as endangered or critically endangered (IUCN, 2017). 
The location and position of the third camera at the end of the study suggests that 
something, or possibly someone, moved it during its time in the cave. This may have been a 
human, a chimpanzee from the group that uses caves, similar to the Fongoli community (Pruetz, 
2007), or it may have been another animal. Since the SD card was damaged due to rain and 
flooding of the protective security box and the plastic box holding the camera itself, the details of 
who moved it remain unknown. If the camera was moved by a chimpanzee it would show that 
chimpanzees other than the Fongoli community utilize caves. It would also show that this area 
may be part of the Bantan community’s range, even though nests were not found there. 
 The use of cameras does come with challenges, as noted during this study. The lack of 
videos showing chimpanzees may be due to timing, as chimpanzee groups are more dispersed 
during the rainy season (Boyer-Ontl & Pruetz, 2014). This study was conducted during the 
transition period between dry and rainy seasons, so the groups may have been more widely 
dispersed. Also, this group was unhabituated, so following them or predicting where they would 
be and deciding where to put the cameras was difficult.  
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Conservation 
 West Africa is a region with diverse geography, climate, vegetation and population, 
making it difficult to determine priorities for conservation (Kormos & Bakarr, 2003).  In 
Senegal, and the rest of Africa, habitat destruction and alteration are believed to be major threats 
to the chimpanzee’s survival (Boyer-Ontl & Pruetz, 2014; Nellman & Newman, 2002; Carter et 
al., 2003; Oates, 2006). Most of the chimpanzee communities live in small forest pockets, which 
are connected by corridors and are under increasing pressure of fragmentation and alteration 
(Carter et al., 2003). The destruction of corridors isolates the groups, thus reducing opportunities 
for genetic exchange and reducing the chances for long-term survival (Carter et al., 2003). 
Habitat disturbances can also modify the demographics and behavior of a community (Humle, 
2003).  
 Competition between chimpanzees and humans for resources, like water, have also 
increased over the past few years in certain villages (Carter et al., 2003). This can lead to delayed 
drinking for chimpanzees, retreat into areas with other chimpanzee communities, or the defense 
of their own territory (Carter et al., 2003). The possibilities for either mutual sharing or 
alternative measures needs to be investigated (Carter et al., 2003). In Guinea, solutions to this 
problem have included providing wells in the village in exchange for a contractual agreement 
stating that the natural resources became the permanent domain of chimpanzees and other 
wildlife (Carter et al., 2003). This was made possible with funding from the United States 
Agency for International Development Guinea’s Expanded Natural Resource Management 
Activity (Carter et al., 2003). Measures need to be taken to combat the unsustainable harvesting 
of Saba senegalensis (Pruetz, 2006; Carter et al., 2003). The reduction of this fruit could 
negatively impact the survival of chimpanzees (Carter et al., 2003). It could also lead groups to 
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search for a new core habitat and migrate out of their current range into that of another territorial 
group (Carter et al., 2003). Chimpanzees are also dispersers of these seeds, and others, which are 
important to both these primates and humans (Hill, 2002; Boyer-Ontl & Pruetz, 2014). 
Hunting of chimpanzees is not a current threat in Senegal, although it may have been an 
issue previously (Carter et al., 2003). However, there have been multiple reports of infant 
chimpanzees being held in captive situations since 1997 (Carter et al., 2003; Pruetz & Kante, 
2010). There is an increase in orphaned chimpanzees in Senegal, and the reason for this needs to 
be investigated (Carter et al., 2003). In 2010, there was an instance of an infant chimpanzee from 
Fongoli being captured by poachers and an attempt to sell it (Pruetz & Kante, 2010). Camera 
traps are useful in recording the presence of a variety of wildlife, and potentially human-wildlife 
interactions (Boyer-Ontl & Pruetz, 2014). These devices could be used as a conservation tool, 
allowing researchers to study primates without contributing to any threats they face (Boyer-Ontl 
& Pruetz, 2014). 
Dindefelo, a nearby village with an established chimpanzee community in the mountains, 
has developed a tourist campground relying on the natural waterfall close by (Carter et al., 2003; 
Pruetz et al., 2002). The idea of habituating these chimpanzees in order to increase ecotourism 
has been proposed, but this concept is considered risky and not in the best long-term interest of 
the species’ survival (Carter et al., 2003; Boyer-Ontl & Pruetz 2014). Habituation emphasizes the 
stress already placed on fragmented populations (Carter et al., 2003). It is recommended that any 
effort to habituate the chimpanzees for ecotourism purposes in Senegal be researched and 
approved by a board of scientists and conservationists that are well-versed in the threats 
presented by ape habituation (Carter et al., 2003). 
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This subspecies of chimpanzee has declined by more than 66% in the last 40 years 
(Boyer-Ontl & Pruetz, 2014). Habitat fragmentation is one of the main threats to the survival of 
chimpanzees in West Africa (Boyer-Ontl, 2017; Oates, 2006; Carter et al., 2003). A survey of the 
total area inhabited by chimpanzees in Senegal has not been conducted (Carter et al., 2003). 
Senegal provides national and international protection for chimpanzees in its legislation and 
conservation policies (Carter et al., 2003). Traditional and religious beliefs also help to protect 
the local chimpanzee populations (Carter et al., 2003).  
 There are multiple agencies that manage Senegal’s natural resources (Carter et al., 2003). 
These groups include the Direction des Eaux et Forêts, de la Chasse et de la Conservation des 
Sols, and the Direction des Parcs Nationaux (Carter et al., 2003). The Direction des Eaux et 
Forêts, de la Chasse et de la Conservation des Sols is responsible for maintaining natural 
resources throughout the country, with the exception of national parks and wildlife reserves, 
which are the responsibility of the Direction des Parcs Nationaux (Carter et al., 2003). Both of 
these offices are part of the Ministѐre de la Jeunesse, de l’Environnement et de l’Hygiѐne 
Publique (Carter et al., 2003). Both departments are responsible for the protection of 
chimpanzees as they live within and outside of national parks (Carter et al., 2003). Under Article 
67-28 and Decree 67-610 of 1967 of the Code for Hunting and the Protection of Fauna, Senegal 
provides complete protection for chimpanzees; the code was updated in 1986 and reinforced 
these measures (Carter et al., 2003). This law explains that any hunting or capture of protected 
species in the country is forbidden, with the exception of capture for scientific purposes (Carter 
et al., 2003). Any violation of this may include a fine up to $3,000 US and imprisonment up to 
five years (Carter et al., 2003). The Forest Code includes legislation that protects forest 
resources, including chimpanzee habitat (Carter et al., 2003). 
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 Senegal has many laws and action plans that enforce the national environmental policy 
(Carter et al., 2003). The most important strategies and action plans of resource management 
include Le Plan National d’Aménagement du Territoire, Le Plan National d’Action pour 
l’Environnement, La Stratégie Nationale et le Plan d’Action National de Lutte contre la 
Désertification (Carter et al., 2003). Chimpanzees are also protected locally by traditional and 
religious beliefs that ban the killing or eating of apes (Carter et al., 2003). Senegal has 
participated in many international conventions aimed at the protection of the environment and 
natural resources, and is a signatory of CITES, providing international protection to chimpanzees 
since 1977 (Carter et al., 2003).  
 Ndiaye conducted surveys indicating six areas of importance outside of Niokolo Koba 
National Park for chimpanzees based on the presence of nests, village reports, and field 
observations (Ndiaye 1999; Carter et al., 2003). Pruetz found four areas outside of the park that 
have high chimpanzee concentrations, including her current site Fongoli, Bandafassi, Segou, and 
Tomboronkoto (Pruetz et al., 2002; Carter et al., 2003).  All of these sites are either adjacent to, 
or not far from, the Bantan site. The data from this study will be available to Pruetz, Ndiaye, and 
others that are conducting research in this region. There are 37 sites with confirmed presence of 
chimpanzees in Senegal (Carter et al., 2003). Some areas of special interested are being 
monitored to study the migration patterns of the apes and to determine forest corridors that are 
critical for genetic exchange (Carter et al., 2003). With roughly 200-400 chimpanzees in the 
country, all locations they reside should be considered priority sites needing special attention 
(Carter et al., 2003).  
 People in southeastern Senegal do not believe that chimpanzees in their area are 
endangered or need more protection (Carter et al., 2003). The Programme d’Education et de 
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Recensement des Chimpanzés au Sénégal is conducting an educational program emphasizing 
habitat destruction as a threat and focusing on the need for space and resources to ensure 
chimpanzee survival (Carter et al., 2003). People that hold scientific permits are allowed to 
capture protected wildlife species in Senegal, including chimpanzees (Carter et al., 2003). Any 
capture or trade of protected wildlife without the scientific permits is prohibited (Carter et al., 
2003). The Senegalese government’s recognition and amendment of this would confirm their 
commitment to the conservation and protection of endangered species (Carter et al., 2003).  
 Chimpanzees do migrate between Senegal and neighboring Guinea, meaning the safety of 
these animals is the responsibility of both governments (Carter et al., 2003). There should be 
increased sharing of information and collaboration regarding protection between the proper 
government departments to ensure the survival of the communities (Carter et al., 2003).  
 Conservationists, the government of Senegal, and the local people who share the 
chimpanzee’s habitat are the most important ties to chimpanzee survival (Carter et al., 2003). 
The local people must support the recommendations concerning the protection of chimpanzees 
and it must be integrated with their needs (Carter et al., 2003). Recognition and dealings with 
resource rights must be addressed on a case-by-case basis, and there needs to be ways to help 
people realize the benefits of the conservation efforts and foster positive attitudes which are 
critical to the survival of the chimpanzees (Carter et al., 2003).   
 
Future Directions 
 Further research should look at seasonality and where the nests are during the wet and 
dry seasons. This could include taking in to consideration what food is available at the time and 
where the nests are in order to see what, if any, food the chimpanzees prefer and if they nest 
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depending on which ones are available. It is also unknown when the disturbances, specifically 
the villages, mines, camps, and water pumps appeared in the range. Keeping track of the 
appearance of these things in the future would help us understand if the chimpanzees are moving 
as a result of human presence, and if so, what human disturbance is affecting them the most, or if 
there is something else influencing them. This group neighbors a community of chimpanzees that 
has been studied for a long time; the data from that group could be compared to the Bantan group 
to help better understand their nesting patterns.  
 Future work could also involve participating in the national survey of the distribution and 
numbers of chimpanzees in Senegal, which is being conducted by the Programme d’Education et 
de Recensement des Chimpanzés au Sénégal (Carter et al., 2003). Education is a strong 
component of conservation and is thought to be essential to the survival of this species (Boyer, 
2011; Carter et al., 2003). Education in Senegal focuses on the fact that animals, including 
chimpanzees, need space and resources to survive, just as humans do (Carter et al., 2003). These 
data could be used to demonstrate how humans are consuming resources chimpanzees need, such 
as the trees they prefer to sleep in, or the habitats that contain most of their resources.  
The data regarding preferences for tree species when building a nest and the availability 
of these nests can be provided to conservationists for information regarding the chimpanzee’s 
dependency on certain trees and habitats (Ndiaye et al., 2013a). It can also be used to show the 
consequences of these preferences in an anthropogenic area (Ndiaye et al., 2013a). Working with 
the local people to find alternative ways of employment, transportation, hunting and more can be 
focused on to decrease the impact these disturbances have on the animals.  
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Measurement Error 
 Human error may have impacted the results of this study. There was not a well-developed 
map of this range to use, so determining what areas had been studied and what ones still needed 
to be observed was challenging. The GPS allowed me to see where I had been each day, but it 
did not allow for a clear image of visited locations every day. There were also days when data 
could have been collected, but due to injury, illness or scheduling conflicts, I did not go collect 
data. There was a language barrier between myself and my assistant, making it difficult to clearly 
communicate my goals for each day.  
The first day consisted of a reconnaissance walk in which over 200 nests were recorded. 
However, due to a language barrier and this being the first day of the study, measurements of the 
trees were not taken.  Despite that, I did still choose to include the location, number and age of 
nests, as well as the species of tree and the habitat to create a map and aid in determining a 
preference for tree species. 
 
Conclusion 
 For the purposes of this study, I proposed three hypotheses: 
1. Nesting patterns are affected by mining. 
2. Nesting patterns change over time as mining practices increase. 
3. Chimpanzees show a preference for tree species and size used for nesting. 
My research supports all of these hypotheses, to some extent. During my field research I 
recorded many anthropogenic disturbances in the area. Most of these disturbances cannot be 
directly linked to the mining practices occurring in the region; therefore, I must reject this part of 
my first hypothesis. There could be other factors contributing to the nesting patterns exhibited by 
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this group of chimpanzees. I cannot state that chimpanzees avoided areas associated with mines, 
or humans in general, because I did not follow the group and observe their direct behavior. I also 
cannot say that they chose a spot to nest, or avoided a spot, as a result of resource availability.  
Similar to my first hypothesis, my second is supported to an extent. Nesting patterns do 
change over time, moving in a westward direction. It could also be argued that the majority of 
nests are also moving in a northern direction, although this is not as clear. This change is most 
likely due to the increased presence of humans, but without disturbance data from previous 
years, that cannot be confirmed. Seasonality could be a contributing factor to location changes, 
but it should not contribute to a net movement, and rather should lead to chimpanzees utilizing 
the same spots annually. Again, mining practices, specifically, cannot be identified as the main 
contributing factor, but the increase in these practices leads to an increase in human population. 
This overall growth in human numbers can lead to these changes. Therefore, I must reject the 
part of my hypothesis stating that patterns change as a result of mining practices.  
My third hypothesis was fully supported in that the chimpanzees did prefer the species 
Pterocarpus erinaceus to nest in, and the size range of 25-38.2 centimeters in diameter. The 
average DBH for this species fell within this range, suggesting it is the ideal tree for nesting. 
There were other species whose average DBH also fell within this range, but they were seen with 
nests less often, and so were not measured as much, thus giving a less accurate average size. 
Chimpanzees are being affected by the presence of humans in their area. Whether the 
presence of humans and the effects they have on the apes is a direct result of the gold mining in 
the region is unclear. Based on this study, I believe chimpanzees are being primarily affected by 
habitat loss. This could be habitat loss as a result of mining, but more research would be needed 
to understand how much of the habitat loss is due to mining versus pastoralists, agriculturalists, 
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or something else. The increase in human populations as a result of the mining suggests that it is 
at least one possible contributor to the changes and patterns observed in this community. This 
community needs to be studied further in order to fully understand how the presence of humans 
affects them and how this knowledge can be applied to other communities. Demographic data is 
also needed in order to understand how this community contributes to the greater population of 
P.t. verus and chimpanzees as a species.  
Studying chimpanzees allows us to gain an understanding of how our ancestors lived in a 
similar environment and how they may have adapted under similar pressures. To continue this 
understanding, actions towards conservation of the species needs to be taken. While chimpanzees 
are not hunted and the capture of them is uncommon in Senegal, it still occurs. Education of the 
local people about the pressures these animals face and why they are important to the ecosystem 
is critical. Legislation also plays an important role in the conservation of these animals.  
This research has been presented at the Zoos and Aquariums Committing to Conservation 
(ZACC) conference in January 2018 and will hopefully be presented at more conferences in the 
future. These data will also be presented to Toro Gold, a private gold exploration company, who 
is developing a project at Mako, a site approximately 25 kilometers northwest of Bantan and 
Fongoli (Paul Cannon, personal communication, October 18, 2017). The goal of this company is 
no net loss of biodiversity, so these data will help the company plan their work and understand 
the implications of mining. These data will also be available to the staff at Fongoli, as well as 
anyone else who wishes to pursue research at Bantan.  
 
 
 
  94  
  
    
REFERENCES 
Ackah-Baidoo, P. (2016). Youth unemployment in resource-rich Sub-Saharan Africa: a critical
 review. The Extractive Industries and Society, 3(1), 249-261. 
Badji, L., Ndiaye, P.I., Lindshield, S.M., Ba, C.T., Pruetz, J.D. (2017). Savanna chimpanzee
 (Pan troglodytes verus) nesting ecology at Bagnoma (Kedougou, Senegal). Primates. 
Baldwin, P. J., McGrew, W. C., & Tutin, C. E. (1982). Wide-ranging chimpanzees at Mt.
 Assirik, Senegal. International Journal of Primatology, 3(4), 367-385. 
Baldwin, P. J., Pi, J. S., McGrew, W. C., & Tutin, C. E. (1981). Comparisons of nests made by
 different populations of chimpanzees (Pan troglodytes). Primates, 22(4), 474-486. 
Boesch, C. (1996). Social grouping in Tai chimpanzees. Great ape societies, 101-113. 
Bogart, S. L., & Pruetz, J. D. (2008). Ecological context of savanna chimpanzee (Pan troglodytes
 verus) termite fishing at Fongoli, Senegal. American Journal of Primatology, 70(6), 605
 612. 
Bogart, S.L., & Pruetz, J.D. (2011). Insectivory of savanna chimpanzees (Pan troglodytes verus)
 at Fongoli, Senegal. American Journal of Physical Anthropology, 145, 11-20. 
Boyer, K. M. (2011). Chimpanzee conservation in light of impending iron ore mining project in
 SE Senegal (Master’s Thesis, Iowa State University). 
Boyer-Ontl, K. M., & Pruetz, J. D. (2014). Giving the forest eyes: The benefits of using camera
 traps to study unhabituated chimpanzees (Pan troglodytes verus) in southeastern
 Senegal. International Journal of Primatology, 35(5), 881-894 
Brownlow, A. R., Plumptre, A. J., Reynolds, V., & Ward, R. (2001). Sources of variation in the
 nesting behavior of chimpanzees (Pan troglodytes schweinfurthii) in the Budongo Forest,
 Uganda. American Journal of Primatology, 55(1), 49-55. 
  95  
  
    
Bush, R. (2009). ‘Soon there will be no-one left to take the corpses to the morgue’:
 Accumulation and abjection in Ghana's mining communities. Resources Policy, 34(1-2),
 57-63. 
Butynski, T.M. (2003). The robust chimpanzee Pan troglodytes: Taxonomy, distribution,
 abundance, and conservation status. In R. Kormos, C. Boesch, M.I. Bakarr, & T.M.
 Butynski (Eds.), Status Survey and Conservation Action Plan: West African Chimpanzees
 (5-12). Gland, Switzerland: IUCN/SSC Primate Specialist Group. 
Carter, J., Ndiaye, S., Pruetz, J., & McGrew, W.C. (2003). Senegal. In R. Kormos, C. Boesch,
 M.I. Bakarr, & T.M. Butynski (Eds.), Status Survey and Conservation Action Plan: West
 African Chimpanzees (31-39). Gland, Switzerland: IUCN/SSC Primate Specialist Group. 
Chapman, C. A., Twinomugisha, D., Teichroeb, J. A., Valenta, K., Sengupta, R., Sarkar, D., &
 Rothman, J. M. (2016). How do primates survive among humans? Mechanisms employed
 by vervet monkeys at Lake Nabugabo, Uganda. In M.T. Waller (Eds.),
 Ethnoprimatology: Primate conservation in the 21st century (77-94). Switzerland:
 Springer International Publishing.  
Cottam, G., & Curtis, J.T. (1956). The use of distance measures in phytosociological sampling.
 Ecology, 37(3), 451-460. 
DLA Piper. (2015). Senegal’s new mining code: What mining companies need to know.
 Retrieved from: https://www.dlapiper.com/en/us/ 
Doucouré, B. (2014). Développement de l’orpaillage et mutations dans les villages aurifères du
 sud-est du Sénégal. Africa Development, 39(2), 47-67. 
Faye, J. (2008). Land and Decentralization in Senegal. International Institute for Environment
 and Development,149, 1-11.  
  96  
  
    
Fold, N., Jønsson, J. B., & Yankson, P. (2014). Buying into formalization? State institutions and
 interlocked markets in African small-scale gold mining. Futures, 62, 128-139. 
Fruth, B, & Hohmann, G. (1996). Nest building behavior in the great apes: The great leap
 forward? In W.C. Mcgrew, L.F. Marchant, & T. Nishida (Eds.), Great Ape Societies
 (225-240). Cambridge University Press 
Fuentes, A., Cortez, A. D., & Peterson, J. V. (2016). Ethnoprimatology and conservation:
 Applying insights and developing practice. In M.T. Waller (Ed.), Ethnoprimatology:
 Primate conservation in the 21st century (1-19). Switzerland: Springer International
 Publishing. 
Garland, E. (2008). The elephant in the room: Confronting the colonial character of wildlife
 conservation in Africa. African Studies Review 51(3), 51-74 
Gewald, J. (2010). Gold the true motor of West African History: An overview of the
 importance of gold in West Africa and its relations with the wider world, in
 Panella, C. (ed.) Worlds of Debts: Interdisciplinary perspectives on gold mining in West
 Africa, 79-94. 
Hackel, J. D. (1999). Community conservation and the future of Africa's wildlife. Conservation
 biology, 13(4), 726-734. 
Hill, C. M. (2002). Primate conservation and local communities—ethical issues and
 debates. American Anthropologist, 104(4), 1184-1194. 
Hilson, G. (2009). Small-scale mining, poverty and economic development in sub-Saharan
 Africa: An overview. Resources Policy, 34(1-2), 1-5. 
Hilson, G. (2012). Family hardship and cultural values: Child labor in Malian small-scale gold
 mining communities. World Development, 40(8), 1663-1674. 
  97  
  
    
Hilson, G. (2016). Farming, small-scale mining and rural livelihoods in Sub-Saharan Africa: A
 critical overview. The Extractive Industries and Society, 3(2), 547-563. 
Hilson, G., & Gatsinzi, A. (2014). A rocky road ahead? Critical reflections on the futures of
 small-scale mining in sub-Saharan Africa. Futures, 62, 1-9. 
Hockings, K.J. (2009). Living at the interface: Human-chimpanzee competition, coexistence and
 conflict in Africa. Interaction Studies, 10(2), 183-205. 
Honey, M. (2008). Ecotourism and sustainable development: Who owns paradise? Island Press.  
Hruschka, F., & Echavarría, C. (2011). Rock-solid chances for responsible artisanal mining.
 ARM Series on Responsible ASM, 3. 
Humle, T. (2003). Behavior and ecology of chimpanzees in West Africa. In R. Kormos, C.
 Boesch, M.I. Bakarr, & T.M. Butynski (Eds.), Status Survey and Conservation Action
 Plan: West African Chimpanzees (13-19). Gland, Switzerland: IUCN/SSC Primate
 Specialist Group. 
Humle, T., Boesch, C., Campbell, G., Junker, J., Koops, K., Kuehl, H. & Sop, T. (2016). Pan
 troglodytes ssp. verus. The IUCN Red List of Threatened Species. Retrieved from:
 http://www.iucnredlist.org/details/15935/0 
Hunt, K. D., & McGrew, W. C. (2002). Chimpanzees in the dry habitats of Assirik, Senegal and
 Semliki wildlife reserve, Uganda. Behavioural diversity in chimpanzees and bonobos, 35
 51. 
ITIE. (2014). Rapport de Conciliation. Initiative pour la Transparence dans les Industries
 Extractives du Sénégal.  
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APPENDIX: ADDITIONAL MATERIAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fresh Recent Old Rotting Fresh/Recent Recent/Old Old/Rotting 
Total # Nests per Age Group 22 15 391 172 6 41 72 
Figure 20: A depiction of the planned transects to be surveyed in 2017. 
Table 7: The total number of nests per age group in 2017. 
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Genus  Number of 
Reconnaissance 
Trees 
Number of 
Nests per 
Genus 
Average 
Reconnaissance 
DBH (cm) 
Number of 
Transect 
Trees 
Average 
Transect 
 DBH (cm) 
Acacia  - - - 44 7.6 
Adansonia  7 10 173.3 - - 
Afzelia  3 5 25.5 2 20.2 
Albizia  - - - 1 1.2 
Allophylus  -  - - 4 5.5 
Annona  2 2 N/A 6 4.2 
Anogeissus  25 28 33.0 5 44.6 
Baissea  1 1 N/A 1 4.1 
Bombax  - - - 11 25.7 
Burkea  - - - 1 1.7 
Cadaba  - - - 3 2.6 
Cola  9 27 64.6 - - 
Combretum  34 50 12.6 221 5.9 
Table 8: The number of trees in each genus found on reconnaissance walks and transects, and 
the average DBH of each genus. In some cases, there were multiple species for a genus. 
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Table 8 (continued) 
Genus  Number of 
Reconnaissance 
Trees 
Number of 
Nests per 
Genus 
Average 
Reconnaissance 
DBH (cm) 
Number of 
Transect 
Trees 
Average 
Transect 
 DBH (cm) 
Cordyla  1 1 31.5 9 22.4 
Crossopterix  - - - 8 9.7 
Daniella  1 1 46.0 - - 
Detarium  1 1 26.1 1 25.7 
Diospyros  24 28 23.4 9 5.2 
Entada  - - - 2 2.7 
Ficus  4 6 11.4 - - 
Gardenia  - - - 12 3.8 
Grewia  2 2 N/A 11 5.7 
Hannoa  3 3 36.0 1 38.8 
Hexalobus  31 49 14.1 39 6.9 
Hymenocardia  - - - 30 3.0 
Khaya  7 7 34.4 2 19.5 
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Table 8 (continued) 
Genus  Number of 
Reconnaissance 
Trees 
Number of 
Nests per 
Genus 
Average 
Reconnaissance 
DBH (cm) 
Number of 
Transect 
Trees 
Average 
Transect 
 DBH (cm) 
Landolphia  1 2 N/A - - 
Lannea  20 27 38.1 29 13.2 
Lonchocarpus  1 1 16.8 - - 
Nauclea  4 7 17.1 - - 
Other  3 3 32.0 26 5.7 
Ozoroa  - - - 1 4.8065 
Parkia  29 67 51.4 1 3.2 
Piliostigma  17 23 20.3 17 6.8 
Pterocarpus  193 317 32.9 49 19.8 
Saba  4 16 N/A 1 6.9 
Sapium  1 1 N/A 2 3.9 
Sclerocarya  2 3 N/A - - 
Securidaca  - - - 1 6.3 
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Table 8 (continued)  
Genus  Number of 
Reconnaissance 
Trees 
Number of 
Nests per 
Genus 
Average 
Reconnaissance 
DBH (cm) 
Number of 
Transect 
Trees 
Average 
Transect 
 DBH (cm) 
Spondias  1 1 N/A 6 15.4 
Sterculia  1 1 N/A - - 
Stereospermum  - - - 5 12.8 
Strychnos  1 1 N/A 17 5.3 
Tamarindus  3 8 36.9 - - 
Terminala  6 7 21.4 40 5.7 
Unknown  6 10 15.8 18 4.1 
Vitellaria  2 2 25.1 8 16.7 
Vitex  - - - 33 3.7 
Ximenia  - - - 1 2.0 
Zahna  1 1 20.0 - - 
Total  451 719  678  
Overall Average    34.4  10.3 
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Note: Cells marked “N/A” indicate that there were trees found and recUorded, but measurements were not taken; the 
row titled “Other” contains trees whose local names were recorded, but the scientific names were unable to be 
determined; the average DBH is recorded in centimeters 
 
 
Table 9: The total number of encounters per habitat and the percentage of each habitat. 
 
Habitat Classification Total Number of Habitats Percentage of Total Habitats 
Bamboo/Woodland 17 1.2108 
Gallery 175 12.4644 
Plateau/Woodland Edge 23 1.6382 
Plateau 50 3.5613 
Plateau/Shrubland 44 3.1339 
Plateau/Thicket 2 0.1425 
Plateau/Woodland 76 5.4131 
Plateau/Woodland/Shrubland 6 0.4274 
Regenerating Field 3 0.2137 
Regenerating Field/Bamboo/Woodland 1 0.0712 
Regenerating Field/Shrubland 15 1.0684 
Regenerating Field/Woodland 2 0.1425 
Saba Thicket 1 0.0712 
Savannah/Plateau 4 0.2849 
Savannah/Woodland 4 0.2849 
Shrubland 35 2.4929 
Shrubland/Woodland Edge/Plateau 1 0.0712 
Woodland 781 55.6268 
Woodland/Bamboo Edge 20 1.4245 
Woodland/Grassland 19 1.3533 
Woodland/Shrubland 123 8.7607 
Woodland/Thicket 1 0.0712 
Savannah/Shrubland/Plateau 1 0.0712 
Total  1404 100 
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DBH (cm) 0-12 13-25 26-38 39-50 51-63 64-76 77-89 90+ 
Number of Reconnaissance 
Trees 
42 52 113 18 24 8 6 7 
Number of Transect Trees 562 73 26 15 1 0 0 1 
Number of Nests 46 66 186 27 47 26 24 10 
Table 10: The total number of nests and trees per DBH range. 
Figure 21: A heat map of the densest areas with mining disturbances and nests in 2017 
ranked on a scale or 1-10, with 10 being the highest density. 
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Figure 22: A heat map of the densest areas with habitat disturbances (specifically 
cut and prune) and nests in 2017 ranked on a scale or 1-10, with 10 being the highest 
density. 
 
Figure 23: The location of all nests from 2000-2017 with their standard deviation based on 
the Ordinary Least Squares test in ArcGIS.  
 
